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PREFACE. 

This little book contains a short description of a 
course of practical chemistry, which an experience 
of many years has proved suitable for those com- 
mencing the study of the science. The work is, 
however, not intended to supplant, but rather to sup- 
plement instruction given by the Teacher, as it points 
out the principles of the various processes and names 
the various reactions without entering into the details 
of the necessary manipulation, which after all can 
only be satisfactorily learnt by practical demonstra- 
tion. The subject-matter has been carefully compiled, 
under my supervision, by Mr. Francis Jones, F.R.S.E., 
formerly Junior Demonstrator in this Laboratory, and 
many improvements in the analytical tables are due to 
Mr. Schorlemmer, F.R.S.. the Senior Demonstrator. 

To those about to use the book, I would give the 
following advice : — 

b 



vi PREFACE, 

i. Be sure you understand the theoretical explana- 
tion (for which you may have to refer to other books) 
as well as the practical part of the experiment, or 
the reaction, which you perform. 

2. Keep careful notes of each day's laboratory work, 
and write out answers to the questions found at the 
end of these pages. 

3. One of the first virtues in the practical chemist 
is cleanliness. Learn to work neatly, and you will 
soon obtain exact views of the science. Those who 
work in a mess not unfrequently get their minds in 
a muddle. 

H. E. ROSCOE. 

The Owens College, 
Manchester, 

October, I $72. 
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PART I. 

PREPARATION OF APPARATUS, 
GASES, &c. 

J. Glass stirring-rods. 

Divide a piece of glass rod into several pieces about 
two decimetres in length. This is done by filing the 
glass rod at each place where it is to be cut off, with 
a three-cornered file, and then snapping it across. 
Knock off any projecting pieces of glass which may be 
left at the newly-cut edges, and then hold each end of 
the rod in the flame of a Bunsen lamp until the sharp 
edges are fused and rounded. The glass rods thus 
made serve for stirring liquids, &c. 

2. A wash bottle. 

Soften a cork by gently rolling it under the foot, and 
fit it air-tight into the neck of a flask about one litre 
capacity. Then, by means of a round file, bore two 
holes in the cork about three millimetres in diameter, 

o* B 
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and running parallel to each other and to the longer 
axis of the cork. Next obtain two pieces of glass 
tubing of the same diameter, one three decimetres 
long and the other half that length. Hold one end 
of the longer tube in the Bunsen flame 
until the opening contracts considerably 
(but take care not to seal it up entirely), 
and then bend it about half a decimeter 
from the end, as shown in the figure. 
This is done by holding the glass tube 
horizontally in a common batswing gas 
jet flame, turning it round so as to heat 
all parts equally, and bending to the pro- 
per angle as soon as it feels sufficiently 
soft. Now round the edge of the wide 
end of the tube by holding it in the 
flame till it softens, and when cold fit it into the cork. 
In a similar way round both ends of the shorter piece 
of tubing, bend to the angle shown in the figure, and 
fit into the other hole. Clean out the flask and tubes 
thoroughly, rinse with distilled water, and then fill up 
with distilled water. 
3. Preparation of oxygen from mercuric oxide. 
When mercuric oxide is heated it is decomposed 
into mercury and oxygen. 

Mercuric oxide yields mercury and oxygen. 
* HgO = Hg + O 
216 = 200 -f- 16 




Fig. x. 



* For the explanation of these symbols a larger work must be con- 
lulttfd. See p. 15 of Roscoe's " Elementary Chemistry." 
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. Place a small quantity of mercuric oxide in a dry 
test tube, and heat it over a Bunsen lamp. The sub* 
stance darkens in colour, and a ring of minute globules 
of mercury soon forms on the cool part of the tube. 
That the tube contains oxygen may be shown by 
plunging a glowing chip of wood into it, and observing 
that the wood will be rekindled. It is advisable to 
keep the thumb loosely on the mouth of the test tube 
to prevent the escape of oxygen by diffusion. 

4.. Preparation of oxygen from potassium chlorate. 

Potassium chlorate when heated is decomposed into 
oxygen and potassium chloride. (See Roscoe, p. 16.) 

Potassium chlorate yields potassium chloride and 

oxygen : 

KCIO3 = KC1 + 3 . 

122*6 = 74*6 -J- 48. 

Place a few crystals of potassium chlorate in a dry 
test tube, and heat gently. The salt soon fuses and 
then begins to effervesce, giving off oxygen, which may 
be recognized, as before, by its power of rekindling a 
glowing chip. When oxygen ceases to be evolved, the 
residue is a white salt called potassium chloride. 

5. Tests for potassium chlorate and chloride. 

A solution of potassium chlorate is not precipitated 
by a solution of silver nitrate ; but potassium chloride 
is precipitated^ silver chloride being formed. 

Potassium chloride and silver nitrate yield potassium 
nitrate and silver chloride : 

KC1 + AgN0 3 - KN0 3 + AgCl. 
74-6 + 170 - ion -h i43'5- 

B 2 
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Dissolve a crystal of potassium chlorate in distilled 
water, then add solution of silver nitrate, no precipitate 
will be formed. Dissolve also the residue of potassium 
chloride (obtained in 4) in distilled water, and add 
silver nitrate solution. A curdy white precipitate of 
silver chloride will at once be formed. 

«. Preparation of oxygen from potassium chlorate 
and manganese dioxide. 

Potassium chlorate when mixed with about one- fifth 
of its weight of manganese dioxide, gives off its oxygen 
at a much lower temperature than when heated alone, 
although the oxide itself remains quite unaltered. 



Place in a small flask (about ioo cubic centimetres 
capacity) a mixture of potassium chlorate and manga- 
nese dioxide in the proportions already mentioned. 
Then fit into the neck of the flask a cork through 
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which a bent conducting tube passes, the lower end of 
which is placed under water in the pneumatic trough. 
Fill some gas jars with water and invert them in the 
trough. Support the flask on a retort stand, and heat 
the mixture (Fig. 2) ; as soon as heat is applied, bubbles 
of gas will begin to rise through the water, consisting 
of air expelled from the flask by the heat. These are 
allowed to escape, and the oxygen, which soon begins 
to come off abundantly, is collected by placing the in- 
verted bottles over the end of the conducting tube, an.i 
thus allowing the bubbles of oxygen to ascend into the 
bottles and displace the water. As soon as the first 
bottle is filled with oxygen, place a shallow earthen- 
ware tray under the neck, and remove it from the 
trough, taking care that the tray contains enough water 
to prevent the escape of the gas. When four bottles 
have been filled in this manner, remove the flask and 
conducting tube and allow the former to cool. 

7. The residue from the preparation of oxygen from 
Potassium chlorate and manganese dioxide is potassium 
chloride, and unaltered manganese dioxide. 

Dissolve in water the residue in the flask from the 
preparation of oxygen, filter from the insoluble manga- 
nese dioxide, and evaporate the filtrate in a porcelain 
basin to a small bulk ; on cooling, crystals of potassium 
chloride will separate out. Pour off the mother liquor, 
dry the crystals between filter paper, and keep them in 
a small bottle for future experiments. 

8. Combustions in oxygen. 

When a taper is burned in oxygen, the carbon which 
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it contains unites with the oxygen, forming carbon di- 
oxide (carbonic acid gas), and the hydrogen also unites 
with the oxygen, forming hydrogen monoxide (water). 

Carbon and oxygen yield carbon dioxide : 

C -f 2 - COy 
12 + 32 = 44. 

Hydrogen and oxygen yield water : 

H 2 + O - H 2 0. 
2 -f 16 « 18. 

Place a small piece of taper on an iron wire support, 
light it, and plunge it into one of the jars of oxygen 
(prepared in 6). Observe that it burns much more 
brightly than in air. Withdraw it, blow the light out, 
and if only a spark remain on the wick, observe that 
when again plunged into the oxygen it is at once 
rekindled. This serves as a convenient test for the 
presence of oxygen. When solution of calcium hydrate 
(lime water) is placed in contact with carbon dioxide, 
calcium carbonate (chalk) and water are formed, and 
the former, being insoluble in water, is precipitated as 
a white powder. 

Calcium hydrate and carbon dioxide yield calcium 
carbonate and water : 

Ca(HO) 2 + C0 2 = CaC0 3 + H 2 0. 
74 -f- 44 = 100 -}- 18. 

Prove that the jar in which you have burned the 
taper contains carbon dioxide, by adding a little clear 
Jime water to it and shaking so as to bring the gas and 
liquid in contact. A white precipitate will be formed, 
consisting of calcium carbonate. 
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9. When charcoal is burned in oxygen carbon dioxide 
is produced. (Compare 8.) 

Place a few pieces of charcoal, about the size ot 
peas, in the deflagrating spoon, hold this in the lamp- 
flame till the charcoal is just kindled, and then plunge 
the spoon into a jar of oxygen. The charcoal will burn 
with great brilliancy, and, if enough oxygen be present, 
nothing will remain on the spoon but a little white ash 
(the inorganic matter in the charcoal). 

Prove the presence of carbon dioxide (as in 8) by 
adding lime water. 

A similar union of carbon and oxygen takes place in 
animals when breathing, but the combustion is slow, 
not rapid. A portion of the carbon of their bodies 
unites with the oxygen which they inhale from the air, 
and carbon dioxide is produced. Observe this by 
blowing the air from the lungs through a glass tube 
into some clear lime water, a white precipitate of cal- 
cium carbonate soon forms, caused by the union of the 
carbon dioxide of the breath with the lime. (See 
Roscoe, p. 14.) 

XO. When sulphur is burned in oxygen, sulphur 
dioxide {sulphurous anhydride) is produced. 

Sulphur and oxygen yield sulphur dioxide : 

S + 2 = S0 2 . 
32 + 32 = 64. 

Place a few pieces of sulphur in the deflagrating 
spoon, heat until the sulphur is melted and takes fire, 
and then plunge it into a jar of oxygen. Observe that 
the sulphur, which only burned feebly in air, burns 
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with considerable brightness in oxygen. When it has 
ceased to burn, remove the spoon, and observe the suf- 
focating odour of the gas which has been produced. 

Free acids redden blue vegetable colouring matters. 

Show that sulphur dioxide when dissolved in water 
forms an acid, and on pouring a solution of blue litmus 
into the wet bottle in which the sulphur was burned, 
observe that the blue colour is changed to red. 

11. When phosphorus is burned in oxygen y phosphorus 
pentoxide {pr phosphoric anhydride) is produced. 

This is not a gaseous body like the dioxides of sul- 
phur and* carbon, but is a white solid substance, which 
very readily unites with water, forming tri-hydrogen 
phosphate (tribasic phosphoric acid). 

Phosphorus and oxygen yield phosphorus pentoxide : 

P 2 -t- 6 = P 2 O s . 

62 + 80 as 142. 

When the oxygen has been collected over water, 
there is always enough moisture in the gas-jar to unite 
with the pentoxide, and form a solution of phosphoric 
acid (H 8 P 4 ), thus : 

Phosphorus pentoxide and water yield tri-hydrogen 

phosphate : 

P 2 6 + 3 H 2 - 2 H 3 P 4 . 

142 + 54 = 196. 

Place a small piece of phosphorus (having care- 
fully dried it with filter-paper) on the deflagrating 
spoon, light it by touching it with a hot wire, and 
place it in a jar of oxygen. Observe the intensely 
brilliant light with which it burns, and the dense white 
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fumes of phosphorus pentoxide which are produced. 
Observe too that in a short time these fumes disappear 
for the reason already mentioned ; and show that 
an acid is present by pouring in some litmus solution 
and observing the change of colour from blue to red. 

112. Presence of oxygen in air. 

Oxygen is present in the air diluted with another 
gas called nitrogen. In one hundred volumes of air, 
about twenty-one consist of oxygen, and seventy-nine 
of nitrogen. When substances burn in air they unite 
with the oxygen in it and produce oxides, just as they 
do when burned in the pure gas. 

Burn a taper, sulphur, and phosphorus in three jars 
of air, and prove that carbon dioxide, sulphur dioxide, 
and phosphorus pentoxide are respectively produced. 
Ascertain this by applying the same tests as in 8. 10 , 
and 11. 

13. Preparation of hydrogen. 

By the action of acids on certain metals, such as 
zinc, magnesium, and iron, hydrogen gas is evolved, 
a salt of the metal with the particular acid emploved, 
being formed at the same time, thus : 

Zinc and sulphuric acid yield hydrogen and zinc 
sulphate : 

Zn + H 2 S 4 = H 2 + Zn S 4 
65*2 -f 98 — 2 + 161*2; and 
iron and hydrochloric acid yield hydrogen and ferrous 
chloride 

Fe + 2 H Q - H 2 + Fe CI, 
56 + 73 « 2 + 127. 
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Place a few pieces of zinc in a wide-mouthed flask 
provided with a cork, through which pass two tubes, 
one a bent conducting tube for leading the gas into 
the pneumatic trough, the other a funnel tube for sup- 
plying acid to the zinc. Fill four jars with water, and 
collect the gas (which is given off without the aid of 
heat) in the same way as in the case of oxygen (Fig. 3). 
Having placed the end of the conducting tube in 



the pneumatic trough, pour down the funnel tube 
enough water to cover the zinc completely, and then 
add sulphuric acid by degrees and cautiously, shaking 
the flask so as to mix the acid and water. The gas 
will soon come off with increasing rapidity, but the 
first portion must be rejected, as air and hydrogen form 
an explosive mixture. It is therefore necessary to 
wait until all the air has been expelled from the flask 
by the hydrogen. Before filling the jars, collect a test- 
tube full of the gas over the pneumatic trough, and 
apply a light to it (holding the mouth downwards) ; if 
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it burn quietly, you may safely proceed to fill the gas 
jars, but if a slight explosion occur, you must wait 
until another test-tube is collected and found to burn 
quietly. As soon as this is the case, fill four jars with 
the gas, and remove them from the trough in the same 
way as described in 6. 

\A. Production of water by the burning of hydrogen 
in air. 

Whenever hydrogen burns in air or in oxygen, 
water is produced. 

Hydrogen and oxygen yield water : 

H 2 + O - H 2 
2 -f 16 = 18. 

Remove the conducting tube from the hydrogen flask 
above described (but without removing the cork), ajid 
substitute for it a straight piece of 
glass tube of the same diameter, 
drawn out at the upper end so as to 
form a jet (Fig. 4). As all the air has 
long ago been expelled, the hydrogen 
issuing from the jet may be safely 
lighted. Hold over this flame a per- 
fectly dry beaker, or test-glass, and 
observe the instant deposit of mois- 
ture on the sides of the glass. This 
is caused by the union of the hy- 
drogen with the oxygen of the air 
contained inside the beaker. 

X5. The residue from the preparation of hydrogen 
front zinc and sulphuric acid is zinc sulphate. 




t IG. 4. 
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Filter a portion of the contents of the flask used for 
preparing hydrogen from the undissolved zinc, and 
evaporate the filtrate to a small bulk. On cooling, 
crystals of zinc sulphate will be formed, which are 
drained from the mother liquor, dried between filter . 
paper, and kept in a corked tube or bottle for future 
examination. 

16. Hydrogen is an inflammable gas. 

Apply a light to one of the jars of hydrogen, and 
observe that it burns. Notice also the deposit of 
moisture on the sides of the gas jar caused by the 
union of the hydrogen with the atmospheric oxygen. 

17. Hydrogen is lighter than air. 

Show this by pouring the contents of one jar, 
upwards, into a jar of air held above the mouth of 
the hydrogen jar. The hydrogen in virtue of its light- 
ness will leave the lower jar and displace the air from* 
the upper jar. Apply a light to each jar, and observe 
that the one originally filled with hydrogen no longer 
contains any, while the other originally filled with air 
contains hydrogen. 

18. Hydrogen does not support combustion. 

Take another jar of hydrogen, held mouth down- 
wards, and push up into it a lighted taper, supported 
on a straight wire. The hydrogen will burn at the 
mouth of the jar, but the taper will be extinguished. 
The taper may be withdrawn, relighted, and re-extin- 
guished two or three times. 

19. Preparation of nitrogen. 

When phosphorus is burned in air, it unites with the 
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oxygen, forming phosphorus pent oxide (PjO s ), which 
dissolves in water, whilst the residue is nitrogen. 

Place a small piece of dry phosphorus on a porcelain 
crucible lidj and fix this on a flat piece of cork, so that 
the lid may be floated on the water in the pneumatic 
trough, or other tray containing water. Light the phos- 
phorus, and quickly surround it with a bell-jar, the 
tubulure of which is closed with a cork (Fig. 5). A 
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portion of the air will first be expelled by the heat, and 
the phosphorus will continue to burn as long as any 
oxygen remains in the air of the bell-jar ; when that is 
exhausted it will cease to burn. Observe that the water 
rises inside the bell-jar, replacing the oxygen, which 
is no longer gaseous, but has combined with the phos- 
phorus to form phosphorus pentoxide. Wait a few 
minutes to allow the pentoxide to be completely dis- 
solved by the water. The bell-iar then contains 
nitrogen. 

SO Nitrogen does not support combustion, and ii 
not combustible. 

Place a lighted taper in the bell-jar, and observe 
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that the flame is at once extinguished, and that the 

gas does not bum. 

21. Preparation of nitric acid. 

All nitrates when heated with sulphuric acid arc 
decomposed, nitric acid and a sulphate being formed. 
Thus, when sulphuric acid acts on potassium nitrate 
(nitre or saltpetre), nitric acid, and hydrogen potassium 
sulphate (bisulphate of potash) are produced : 
KNO a + HjS0 4 -HNO,+ HKS0 4 
ion + 98 - 63 + i 3 6t. 

Put about twenty grams of potassium nitrate 
(nitre) in a small stoppered retort, place in the tubulure 



a small funnel, and through this pour the same weight 
of strong sulphuric acid. Withdraw the funnel without 
soiling the neck of the retort, place the stopper in the 
tubulure, and support the retort upon a piece of wire 
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gauze placed across the ring of the retort stand. Let 
the neck of the retort pass into a clean flask, so ar- 
ranged that a stream of water may fall on it, and thus 
aid the condensation of the acid (Fig. 6). Now heat 
the retort, and observe the formation of red fumes 
(lower oxides of nitrogen) and soon after, the con- 
densation of the nitric acid on the neck of the retort. 
When the contents of the retort cease to boil, with- 
draw the lamp, separate the receiving flask containing 
the nitric acid from the retort, and pour out the con- 
tents of the latter into a dry porcelain dish. When 
cold, break up the cake of hydrogen potassium sulphate 
thus formed, and preserve it for future examination. 
22. Tests for nitric acid. 

(a) Add a few drops of the nitric acid prepared as 
above to a solution of indigo contained in a test-tube. 
The blue colour will speedily disappear owing to the 
oxidizing action of the nitric acid. 

(b) Place a few bits of copper turnings in a test- 
tube, cover them with water, and add a little nitric 
acid. The copper soon begins to dissolve, forming 
a blue solution, and at the same time brown vapours 
fill the test-tube. In this case also the nitric acid 
acts as an oxidizing agent, forming copper nitrate, and 
red fumes of the oxides of nitrogen are given off. For 
explanation see 30 and 31. 

(c) Add a few drops of nitric acid to a little water 
contained in a test-tube, and then add some strong 
sulphuric acid, and shake until the liquids are tho- 
roughly mixed. Allow this mixture to cool completely. 
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and then pour gently on to the surface of the liquid a 
solution of ferrous sulphate prepared by dissolving, a 
few crystals of the salt in water. This solution is 
lighter than the other, and if poured on gently will 
form a layer of liquid resting on the heavier sulphuric 
acid, and a black ring will form where the two liquids 
meet. This is caused by the liberation of nitrogen 
dioxide (by the action of the FeS0 4 on the HN0 3 ), 
which forms a dark-coloured compound with the 
/errous sulphate. On shaking the tube, nitrogen di- 
oxide will escape with effervescence, and the black 
ring will disappear. 
Retain a portion of nitric acid for 27. 

23. Tests for nitrates. 

The same reactions may be used to test for com- 
bined nitric acid {i.e. nitrates), but sulphuric acid must 
first be added to liberate it. 

Repeat the tests <z, £, and c (22), substituting for the 
nitric acid a solution of potassium nitrate in water, to 
which a few drops of strong "sulphuric acid have been 
added. 

24. Preparation of ammonia. 

When caustic alkalies act on salts of ammonium, 
ammonia gas is liberated. Thus : 

Ammonium chloride and caustic lime yield am- 
monia, calcium chloride, and water : 

2 (NH 4 ) CI + CaO = 2 NH 3 + CaCl 2 + H 2 
107 + 56 - 34 + in + 18. 
Place about thirty grams of powdered ammonium 
chloride (sal-ammoniac) and the same weight of pow- 
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dered lime in a large flask provided with a tightly- 
fitting cork, through which passes a tube bent as 
shown in the figure. Place an inverted dry gas-jar 
over this tube, and heat the mixture in the flask. 
After the air has been expelled, the ammonia gas will 
come over, and in virtue of its lightness be retained in 
the jar. When the jar is rilled, remove it from the 



upright tube, place the palm of the hand on the mouth, 
and immerse the jar (mouth downwards) in the pneu- 
matic trough filled with water : the gas will be rapidly 
absorbed, and the water will rise so as to fill the jar. 
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Now change the tube for one bent twice at right 
angles (as in Fig. 10), and allow the remaining gas to 
pass into some distilled water contained in a beaker. 
The gas bubbles will be completely absorbed, and when 
the gas ceases to be evolved, be carefu] to withdraw 
the conducting tube from the liquid, so as to prevent 
it being sucked back into the hot flask. 
515. Tests for ammonia. 

(a) Observe the pungent and very characteristic smell 
which the solution of ammonia in water possesses. 

(b) Place a piece of reddened litmus paper above 
the solution, and observe that the vapour given off is 
able to change the colour from red to blue. Place the 
litmus paper in the solution, and the change will be 
still more marked. 

(c) Hold a glass rod which has been dipped in 
fuming hydrochloric acid over the solution of ammo- 
nia : it will at once form white fumes of ammonium 
chloride, caused by the union of the acid and volatile 
alkali. 

Hydrochloric acid and ammonia yield ammonium 

chloride : 

HC1 + NH 8 = NH 4 CL 

36-5+ 17 «= 53-5. 

26. The residue from the preparation of ammonia 
from ammonium chloride and lime is calcium chloride. 

Dissolve a portion of the residue contained in the 
flask used to prepare ammonia, in water, filter from 
excess of lime, and evaporate the solution to dryness. 
A white salt results, which is detached from the evapc- 



PREPARATION OF NITROUS OXIDE. 19 

rating basin, and preserved in a well-stoppered bottle 
for future examination. 

27. Preparation of ammonium nitrate. 

Nitric acid, when neutralized with ammonia, yields 
ammonium nitrate and water : 

HN0 3 + (NH 4 ) HO - (NH 4 ) N0 3 + H 2 0. 
63+35 - 80 + 18. 

Place some nitric acid (21) in an evaporating basin, 
and dilute with twice its bulk of water; add am- 
monia solution (24.) cautiously, and with constant stir- 
ring until a drop of the liquid ceases to colour litmus 
paper red. Observe that as the ammonia is added the 
red colour caused by the nitric acid disappears, and a 
point is reached when the liquid neither reddens litmus 
paper nor turns it blue. When this is the case the acid 
is said to be exactly neutralized, and the addition 
of ammonia must be stopped. Evaporate the solu- 
tion of ammonium nitrate thus obtained, until all the 
water is expelled ; when this is the case, withdraw the 
lamp and allow to cool ; a cake of fused ammonium 
nitrate is then obtained. If the salt does not solidify 
on cooling, heat must be again applied. 

28. Preparation of nitrogen monoxide (nitrous 
oxide). 

When ammonium nitrate is heated, nitrogen mo- 
noxide and water are produced. Thus : 
(NH 4 ) N0 3 = N 2 + 2 H 2 0. 

80 — 44 + 36. * 

Break the cake of ammonium nitrate (27) into small 
pieces, and introduce them into a small dry flask 

C 2 
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provided with a conducting tube as in 6. Heat gently, 
and after allowing the air in the flask to be expelled, 
begin to collect the gas which is produced. As this 
gas is soluble to a considerable extent in cold water, it 
is better to fill the pneumatic trough with warm water, in 
which the gas is much less soluble. Collect four jars 
of the gas, and then withdraw the conducting tube 
from the trough. Do not heat it to the point at which 
all the ammonium nitrate is decomposed, as towards 
the close of the evolution of gas the decomposition 
sometimes becomes complex, and other gases are 
generated so rapidly that an explosion may occur. 

119. Properties of nitrous oxide. 

Combustible substances burn in nitrogen monoxide 
almost as brightly as in oxygen. They decompose the 
gas, uniting with its oxygen to form oxides, and leaving 
unaltered nitrogen. » 

Burn a taper, phosphorus, and sulphur in this gas, in 
the same manner as they were burned in oxygen. The 
products of combustion are the same, namely, carbon 
dioxide, phosphorus pentoxide, and sulphur dioxide ; 
but there is in addition a residue of nitrogen, 

30. Preparation of nitrogen dioxide {nitric oxide). 

When nitric acid acts upon metals such as copper 
or mercury, nitrogen dioxide, water, and a nitrate of 
the metal used are produced. Thus : 

Copper and nitric acid yield nitrogen dioxide, copper 
nitrate, and water : 

3 Cu + 8 HNO, - N 2 2 + 3 (Cu (NO,) 2 ) + 4 H,0. 
190*5+ 504 ~ 60 + 562-5 + 72. 
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Place some copper turnings in a flask provided with 
a funnel and conducting tube, as in the figure. Cover 
the copper with a layer of water, and add nitric acid 
by degrees until the gas comes off steadily. Fill two 



jars completely, and a third, half full of the gas, 
and leave the last on the support in the pneumatic 
trough. 
31. Properties of nitrogen dioxide (nitric oxide). 

(a) Nitrogen dioxide readily unites with free oxygen, 
forming higher oxides of nitrogen which have a brown 
colour, N,0, + O - N a O a and N,0, + O, - N,0 4 . 
Remove a jar of the gas from the pneumatic trough 
and expose it to the air. Observe at once the forma- 
tion of red fumes, consisting chiefly of nitrogen te- 
troxide (N,0 4 ). Now dip the mouth of the jar under 
water, and observe that these fumes disappear owing 
to their solubility in water, and at the same time 
observe the rise of water in the jar. 

(b) Allow a few bubbles of oxygen to pass into the 
bottle half filled with nitrogen dioxide, and observe as 
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before the formation of red fumes, and the rise of 
water in the jar as these dissolve. 

(c) Nitrogen dioxide does not support the combus- 
tion of a taper, but phosphorus, when burning very 
brightly, is not extinguished when placed in the gas. 
Place a small piece of dry phosphorus in a spoon, light 
it, and place it in a jar of nitric oxide : it will be extin- 
guished. Now heat it strongly in the gas flame, and 
again place it, whilst burning brightly, in the gas, and 
observe that it continues to burn. 

32. Preparation of carbon dioxide (carbonic acid 
gas). 




Fig. 9. 
When hydrochloric acid acts on calcium carbonate, 
carbon dioxide, calcium chloride, and water are pro- 
duced. Thus : 

CaCO s + 2 HC1 - CO a + CaCl, + H s O. 

100 + 73 — 44 + hi + i& 

Place some pieces of marble (calcium carbonate) in 

a flask with funnel and conducting tube, pour some 

water over it, and then a little hydrochloric acid; 
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a* rapid effervescence will begin, and the gas will be 
given off copiously. It may be collected over water, 
but as it is much heavier than air it is best collected 
by downward displacement. This is done by placing 
the conducting tube at the bottom of the gas -jars, and 
allowing the heavy gas to collect in them and displace 
the air (Fig. 9). As the gas extinguishes flame, the jars 
are ascertained to be full when a lighted taper placed in 
the mouth is at once extinguished. When this is the 
case, cover the jar and substitute another ; in this way 
collect four jars of the gas. 

33. Properties of carbon dioxide. 

(a) Carbon dioxide does not support combustion. 
Place a lighted taper in the gas : observe that it is at 

once extinguished. 

(b) Carbon dioxide precipitates lime water. 

Add some clear lime water to a jar of the gas : it is 
at once rendered milky owing to the formation of cal- 
cium carbonate (see 8). Cover the jar closely with 
the palm of the hand and shake the bottle : the hand 
will adhere to the bottle owing to the partial vacuum 
caused by the absorption of the C0 2 by the lime-water. 

(c) Carbon dioxide is heavier than air. 

Pour the carbonic acid from one of the gas-jars into 
a jar of air. The gas is so heavy that it will displace 
the air from the jar, and that this is the case may be 
shown by placing a lighted taper in each jar : the one 
originally full of air will now be found filled with car- 
bonic acid, whilst the other will, if held mouth down- 
wards for a few minutes, be found to contain only air ; 
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in the former the taper will be extinguished, in the 
latter it will continue to burn. 

34.. Preparation of carbon monoxide (carbonic oxide 
gas). 

This gas is prepared pure by the action of sulphuric 
acid upon formic acid, which is decomposed into car- 
bon monoxide and water. Thus : 

CH 2 8 - tO + H 2 0. 
46 = 28 + 18. 

It is, however, frequently prepared by the action of 
sulphuric acid on oxalic acid ; but in this case a mix- 
ture of equal volumes of carbon dioxide and carbon 
monoxide is obtained. 

Oxalic acid yields carbon dioxide, carbon monoxide, 

and water : 

C 2 H 2 4 = C0 2 + CO + H 2 0. 

90 =44 + 28+18. 

Place some crystallized oxalic acid in a small flask 
provided with a conducting tube (see Fig. 2), cover it 
with strong sulphuric acid (oil of vitriol), heat gently 
on a piece of wire gauze, and after allowing the air to 
escape, collect the gas in the ordinary way at the pneu- 
matic trough. Fill one gas-jar, and a bottle with a 
neck narrow enough to allow it to be closed with the 
thumb. Be careful to remove the conducting tube 
from the pneumatic trough as soon as the bottles are 
filled with the gas ; and allow the contents of the flask 
to become quite cold before pouring the liquid away. 

3d. Properties of carbon monoxide. 

(a) The gas burns with a blue flame even when 
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mixed with carbon dioxide, as it is when prepared as 
above. Apply a light to the wide-mouthed gas-jar 
containing the mixed gases, and observe the pale blue 
flame with which the monoxide burns. 

(b) Pour a small quantity of caustic soda solution 
into the narrow-necked bottle containing the mixed 
gases, close it tightly with the thumb, and shake up 
vigorously without removing the thumb. This will 
dissolve out the carbonic acid, which is soluble in 
caustic soda, hydrogen sodium carbonate being formed, 
and leave the carbonic oxide. Thus : 

C0 2 + CO + NaHO - NaHCO s + CO. 
44 + 28 + 40 = 84 + 28. 
Invert the bottle, mouth downwards, in the pneu- 
matic trough, taking care that the neck is quite 
covered with water, and withdraw the thumb : water 
will rush into the bottle and fill the space previously 
occupied by the carbonic acid. Replace the thumb 
on the neck of the bottle, and shake again to dissolve 
the last traces of carbon dioxide, and again place the 
neck of the bottle under water in the trough, and 
observe that the space occupied by water is half the 
total capacity of the bottle. Pour a quantity of the 
gas thus freed from carbonic acid into a test tube, 
add a little lime water, and shake it up : no turbidity 
ought to be produced. Light the gas at the mouth 
of the test tube, observe the pale blue flame of the 
carbonic oxide, and after the gas is burned shake 
up again, and observe that the lime-water is now 
rendered turbid. This is because the monoxide in 
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burning takes up oxygen from the air and produces 
the dioxide (COj). 

36. Preparation of chlorine* 

When sulphuric acid acts upon a mixture of common 
salt and manganese dioxide, sodium sulphate, manga- 
nese sulphate, water, and chlorine gas are produced. 
Thus: 
2 NaCl + 2 H 2 S0 4 + Mn0 2 - K*£O k + MnS0 4 + 

2 H 2 + CI* 
117 + 196 + 87 « 142 + 151 + 36 + 7i- 

Weigh out 30 grams of common salt and the same 
quantity of manganese dioxide, and mix them together 




Fig. zo. 

in a mortar. Then weigh 60 grams of water, place it 
in an evaporating basin, and add to it cautiously 60 

* Experiments with chlorine must be made in a glass closet provided 
with a draught, as this gas when inhaled produces great irritation, from 
which serious results may ensue. 
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grams of strong sulphuric acid, stirring the liquid with 
a glass rod until it is thoroughly mixed. The liquid 
will become very hot, and must be allowed to cool 
completely; it is then poured into a flask (about one 
litre capacity), the mixture of salt and manganese 
dioxide is added, and the contents of the flask shaken. 
The flask is now provided with a conducting tube bent 
twice at right angles, heat is applied, and the gas col- 
lected by displacement like carbon dioxide (Fig. 10). 
Collect four jars of the gas, and then allow the gas to 
bubble through some distilled water until no more gas 
is dissolved. This solution, called chlorine water, has 
a yellow colour, bleaches vegetable colouring matters, 
and may be conveniently used instead of the gas in 
many reactions. 

37. Properties of chlorine. 

(a) 1. Chlorine unites readily with hydrogen, form- 
ing hydrochloric acid (HC1). 

Place a lighted taper in a jar of chlorine, and observe 
that it now burns with a smoky flame ; this is caused 
by the union of the chlorine with the hydrogen of the 
taper, while the carbon also present in the taper, is 
liberated, and causes the abundant smoke. 

2. Moisten a strip of filter paper with turpentine (com- 
posed, like the taper, of carbon and hydrogen), and 
plunge it into a jar of chlorine : hydrochloric acid is at 
once formed, and the liberated carbon again appears 
as soot. The action is so energetic that the paper gene- 
rally takes fire, owing to the heat evolved during the 
reaction. 



28 PRACTICAL CHEMISTRY. 

(fi) Chlorine unites readily with finely-divided metals, 
forming metallic chlorides. 

Throw some finely-powdered antimony into a jar of 
chlorine : union will at once take place with evolution 
of light, and chloride of antimony will be formed. 

(c) Phosphorus and chlorine unite together, forming 
phosphorus chloride. 

Place a piece of dry phosphorus in a deflagrating 
spoon, and place it in a jar of chlorine. It will take tire 
spontaneously and continue to burn with a pale non- 
luminous flame, and chloride of phosphorus will be 
formed. 

(d) Moist chlorine bleaches vegetable colouring 
matters by uniting with the hydrogen of the water ; 
the oxygen thus liberated attacks the colouring matter 
and destroys it. 

Place a piece of red cloth, partly moistened and partly 
dry, in a jar of chlorine. The dry part will remain un- 
altered, but the moist portion will be rapidly bleached. 

38. Preparation of hydrochloric acid. 

When sulphuric acid and sodium chloride react on 
each other, hydrogen-sodium sulphate (bisulphate of 
soda) and hydrochloric acid are formed. 

Sulphuric acid and sodium chloride yield hydro- 
chloric acid and hydrogen-sodium sulphate : 
H 2 S0 4 + NaCl - HC1 + HNaS0 4 . 
9 8 + 58-5 - 36-5 + 120. 

Place in a flask (about a litre in capacity), provided 
with a funnel and conducting tube, about 30 grams 
of common salt. Fit the end of the conducting tube 
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into a small bottle containing a little water, which 
serves to wash the gas, and the tube which passes out 
of this bottle conducts the purified gas into 100 c. c* 
distilled water, as in the figure. When the apparatus 
is arranged, add by degrees about 50 grams of strong 
sulphuric acid. The gas will come off at first with- 
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out heating ; when all the acid has been added and 
the evolution of gas slackens, heat the flask gently on 
a piece of wire-gauze or on a sand bath. Observe that 
the water in the wash-bottle has first to be saturated, 
and that then the gas begins to be absorbed by the 
distilled water. When this last fumes strongly, remove 

* C. c. = contraction for cubic centimetres 
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the wash-bottle and fill a cylinder vrith the gas by 
downward displacement (See Fig. 10.) 
39. Properties of hydrochloric acid. 

(a) Hydrochloric acid is extremely soluble in water. 
Close the cylinder filled with hydrochloric acid gas 

with a glass plate, invert it, mouth downwards, in a 
vessel of water coloured with blue litmus, and withdraw 
the glass plate. Observe the rapid rise of the water 
inside the cylinder caused by the solution of the gas, 
and the change of colour from blue to red, showing 
the acid nature of the solution. 

(b) Hydrochloric acid is a powerful acid. 

Take some of the aqueous solution of the gas (pre- 
pared in 38) and add a drop or two of litmus solution 
to it, so as to colour the solution red. Now add a 
solution of caustic soda, constantly stirring the mix- 
ture, and observe that a point is reached when the red 
colour is changed to a faint blue colour. This point 
denotes that all the acid has been saturated. Evapo- 
race the solution and obtain crystals of sodium chloride 
(common salt). 

These three substances, viz. the hydrochloric acid, 
the caustic soda, and the sodium chloride, are exam- 
ples of three quite distinct classes of chemical com- 
pounds, called respectively, acids, bases, and salts. 
(For a description of these three kinds of substances 
see Roscoe's " Chemistry," p. 66). 

(c) Ammonia and hydrochloric acid unite to form 
ammonium chloride. 

Hold a glass rod dipped in ammonia solution over 
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the HC1 solution, and observe the white fumes of 
NH 4 C1 produced. (See also 25.) 

AO. Preparation of calcium hypochlorite (or bleaching 
powder). 

Chlorine gas is rapidly absorbed by slaked lime, and 
calcium hypochlorite is formed. 

Lime and chlorine yield water and bleaching powder 
(chloride and hypochlorite of calcium) : 

2 Ca(HO) 3 + 4 CI = 2 H 2 + (Cad, + CatOCl)^. 
148 + 142 » 36 + in + 143. 

Place a small quantity of slaked lime in a beaker, fill 
up with water so as to have a milky liquid containing 
lime in suspension, and then allow chlorine to bubble 
through until the solution smells strongly of it : calcium 
hypochlorite will be found in solution. Place a piece of 
red cloth in some of this solution, and subsequently in 
a little dilute HC1 : chlorine will be liberated by the 
action of the acid, and the cloth will be bleached. 

41. Preparation of hypochlorous acid. 

When diluted nitric acid is added to calcium hypo- 
chlorite, hypochlorous acid and calcium nitrate are 
formed. Thus : 

Ca(OCl) a + 2 HNO s = 2 HCIO + Ca(NO s ) 1 . 
143 +126 = 105 + 164, 

Place a solution of the bleaching liquor, as prepared 
above, in a stoppered retort, the neck of which passes 
into a small flask kept cool by a stream of water. 
Add a few drops of dilute nitric acid to the con- 
tents of the retort, and boil the liquid : the distillate 



32 PRACTICAL CHEMISTRY. 

contains a colourless solution of hypochlorous acid, 
which will rapidly bleach a piece of red cloth placed in 
it Observe also the peculiar smell of hypdchlorous 
acid, and remember that a solution of chlorine in water 
(which likewise bleaches) has a yellow colour. 

42. Preparation of iodine. 

When sulphuric acid acts upon a mixture of potas- 
sium iodide and manganese dioxide ; iodine, potassium 
sulphate, manganese sulphate, and water are produced. 
Thus: 

2KI+MnO a +2H 2 S0 4 = I 2 +K 2 S0 4 +MnS0 4 +2H a O 
332*2+ 87 + 196. =254+174-24- 151 + 36. 

Place in a retort (provided with a receiver kept cold 
by a stream of water) a few grams of potassium iodide 
and a little manganese dioxide, add dilute sulphuric 
acid, and heat gently. Observe the violet vapours 
filling the retort as soon as the iodine is given off, and 
the grey deposit of iodine on the neck of the retort and 
in the receiver. If a large quantity forms in the retort 
neck, heat it gently, so as to obtain as much as possible 
in the receiver. 

43. Properties of iodine, 

(a) Iodine is very sparingly soluble in water, more 
so in alcohol, and very soluble in a solution of any 
alkaline iodide. 

Separate the iodine obtained above, from any liquid 
which has distilled over, and divide it into three small 
portions and one large portion. Add to one of the 
small portions some water, to another some alcohol, 
and to the third a solution of potassium iodide, and 
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observe the colours varying from pale to dark brown, 
which the solutions possess. 

(&) Free iodine forms with starch a compound 
called iodide of starch, which has a dark blue colour. 

Powder a piece of starch (about the size of a pea) in 
a mortar, stir it up with about 25 c. c. of cold water, 
and then heat the mixture (preferably in an evaporating 
basin) till it boils. A thin, clear solution of starch is thus 
obtained ; add a portion of it to about a quarter of a 
litre of water, and then a few drops of one of the solu- 
tions of iodine, and observe the deep blue colour which 
the liquid assumes. Heat a little of this blue liquid in 
a test tube, and observe that the colour disappears ; 
allow it to cool, and observe the reappearance of the 
colour. 

44. Preparation of sodium iodide. 

Iodine is dissolved by a solution of caustic soda, and 
sodium iodide (Nal) and iodate (NaI0 3 ) are produced. 
61+6 NaHO = 5 Nal + NaI0 3 + 3 H 2 0. 
762+ 240 = 750 + 198 + 54. 

Place the larger portion of iodine prepared as above 
in an evaporating basin, add water and caustic soda 
drop by drop until the solution becomes nearly colour- 
less, and evaporate carefully to dryness, and ignite 
to convert the sodium iodate into iodide. (NaI0 3 =* 
Nal -f- 3 ). A white salt is obtained, which is sodium 
iodide. 

(a) Dissolve it in water and add to it about J litre 
of water, then add a little of the starch solution, and 
observe that no blue colour is produced as in the case 
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of free iodine. Now add a drop of chlorine water : this 
will liberate the iodine and the blue colour will be pro- 
duced ; add more chlorine water, and the colour will 
disappear, owing to the formation of a chloride ot 
iodine which does not colour starch blue. 

(b) Add a few drops of the sodium iodide solution 
to some distilled water, then solution of silver nitrate, 
and observe the pale yellow precipitate of insoluble 
silver iodide which is produced. Sodium iodide and 
silver nitrate yield sodium nitrate and silver iodide : 
Nal + AgNO s - NaN0 3 + Agl. 
150 + 170 - 85 + 235. 

45. Preparation of bromine. 

When sulphuric acid acts upon a mixture of potas- 
sium bromide and manganese dioxide, potassium sul- 
phate, manganese sulphate, bromine, and water are 
produced. Thus : 
2 KBr + Mn0 8 + 2 H,S0 4 = I^SO* + MnS0 4 + 

Br 2 + 2H 2 0. 

238-2 +87 + 196 — I74'2 + 151 + 

160 + 36. 

Proceed exactly as in the preparation of iodine (48), 
but substitute potassium bromide for potassium iodide, 
and keep the receiver very cold. A dark-coloured 
heavy liquid will be obtained in the receiver : thte is 
bromine. Observe that it is heavier than the water, 
which always distils over with it, and that it possesses 
a powerful irritating smelL Observe also that it dis- 
solves in water, forming a red-coloured solution, which 
possesses bleaching properties. 
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46. Preparation of sodium bromide. 

Bromine is dissolved by a solution of caustic soda 
and sodium bromide (NaBr), sodium bromate (NaBrO^ 
and water are produced. Thus : 

6 Br + 6 NaHO - 5 NaBr + NaBrO s + 3 H ? 0. 

480 + 240 - 515 + 151 + 54. 

Proceed as in the preparation of sodium iodide (44), 
substituting bromine for iodine. Dissolve the salt 
obtained in water, and observe that the solution is 
colourless ; add chlorine water and observe the yellow 
colour produced by the liberation of bromine. 

47- Preparation and properties of hydrofluoric acid. 

When sulphuric acid acts upon calcium fluoride 

(fluor-spar), calcium sulphate and hydrofluoric acid are 

produced. Thus : 

CaF 2 + H 2 S0 4 = CaS0 4 + 2 HF. 

78-I-98 = 136 + 40. 

This gas cannot be collected in glass vessels as it 

combines with the silica of glass, forming silicon tetra- 

fluoride, SiF 4 . This property may be observed by 

covering a glass plate with a thin coating of bees wax, 

scratching away the wax at certain points, and then 

exposing the plate to the action of the gas. Place 

some powdered fluor-spar in a small lead or platinum 

dish, pour over it some strong sulphuric acid, and heat 

gently. Observe the fumes of hydrofluoric acid which 

come off, and then place the waxed glass plate across 

the dish so as to be exposed to the gas, taking care 

that the heat applied is not sufficient to melt the wax. 

Remove the plate after a few minutes, warm it to 
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soften the wax, which may then be rubbed off, and 
observe that where the wax was scratched the glass is 
etched, while the part protected by wax has not been 
attacked. 

Avoid breathing the fumes, as the gas is very irri- 
tating to the lungs, and acts powerfully on the skin, 
producing painful wounds. 

48 Preparation of sulphur dioxide* 

When sulphuric acid acts upon copper, copper 
sulphate, sulphur dioxide, and water are produced. 
Thus: 

Cu + 2 H3SO4 = CuS0 4 + S0 2 + 2 H 2 0. 

63*5 +196 - 159*5 + 64 + 36. 
Place some copper turnings in a flask of about half 
a litre in capacity, provided with a funnel and con- 
ducting tube bent twice at right angles. Pour enough 
strong sulphuric acid down the funnel tube to cover 
the copper, and apply heat, collecting the gas, which is 
heavier than air, by downward displacement (see Fig. 
10). Fill two jars with the gas, and then allow it to 
pass, first into a test tube containing nitric acid, and 
then into one containing a solution of potassium chro- 
mate. Observe in the first case the brown vapours 
of oxides of nitrogen which are given off, and in the 
second the change of colour from yellow to green. In 
both cases the sulphur dioxide has acted as a reducing 
agent, reducing the nitric acid to a lower stage of oxi- 
dation, and the potassium chromate to a chromium 
salt of a green colour ; while in each case the sulphur 
dioxide is oxidized to sulphuric acid, as may be seen 
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by adding barium chloride, which will precipitate white 
barium sulphate, insoluble in hydrochloric acid. 
49. Properties of sulphur dioxide. 

(a) Sulphur dioxide does not support combustion, 
and reddens litmus solution. 

Place a lighted tape*in a jar of the gas and observe 
that it is at once extinguished. Then add a solu- 
tion of litmus, and observe the bright red colour 
produced. 

(b) Sulphur dioxide is extremely soluble in water. 
Invert a jar of the gas in the pneumatic trough, and 

observe the rapid rise of water inside the jar, produced 
by the absorption of the gas. 

50. Preparation of sulphuretted hydrogen. 

When sulphuric acid acts upon ferrous sulphide, 
ferrous sulphate and sulphuretted hydrogen are pro- 
duced. Thus : 

FeS + H 2 S0 4 = FeS0 4 + H 2 S. 
88+98 - 152 + 34. 

Place a few pieces of ferrous sulphide in a small 
flask provided with a funnel and conducting tube, the 
latter of which passes air-tight into a small flask con- 
taining water (to collect any impurities which may 
pass over), and having a second tube fitted into it 
and bent so as to pass into a flask containing water 
(see figure). Now cover the ferrous sulphide with a 
layer of water, and add a few drops of strong sul- 
phuric acid : observe the effervescence which soon 
begins, and the disagreeable and characteristic smell 
which the water in the flask soon possesses from 
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the solution of the gas in it. When the water smells 
strongly, remove the flask ;* then decant off the acid 
from the ferrous sulphide, wash it two or three times 
with water, retaining it in the flask so that it may be 
used again by simply adding fresh acid. 
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Fig* 12. 

51. Properties of sulphurretted hydrogen. 

Sulphurretted hydrogen precipitates the solutions of 
salts of certain metals in an acid solution, others in an 
alkaline solution, and does not, under any circum t 
stances, precipitate the remainder ; thus, solutions of 
copper salts are precipitated in an acid solution, solu- 
tions of iron salts in an alkaline one, and solutions of 
sodium salts are not precipitated at alL Thus : 

Copper sulphate and sulphuretted hydrogen yield 
copper sulphide and sulphuric acid : 

CuS0 4 + H 2 S = CuS + H 2 S0 4 . 

159*5+ 34 =95*5+ 9*- 

* The solution decomposes on standing. It is best preserved in a 
corked bottle, kept inverted in a vessel of water. 
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Iron sulphate and potash and sulphuretted hydrogen 
yield iron sulphide, potassium sulphate, and water. 
FeS0 4 + 2 KHO + H 2 S = FeS + K 2 S0 4 + a/H 2 0. 

152 + 1 12-2 + 34 = 88 + 174-2 + 36. 

Place in a test glass a solution of copper sulphate, in 
another a solution of iron sulphate, and in*a mird a 
solution of sodium chloride ; to each add a few drops 
of hydrochloric acid, and then a little sulphuretted 
hydrogen water. Observe the black precipitate of 
copper sulphide in the first glass, and no precipitate in 
the other two glasses. To each of these add a little 
potash solution, and observe the black precipitate ot 
ferrous sulphide in the one case, and the absence of a 
precipitate in the other. 

52. Preparation of sodium hydrate (caustic soda). 

When caustic lime is added to a solution of sodium 
bicarbonate, caustic soda and calcium carbonate are 
produced. Thus : 

CaO + NaHC0 8 = NaHO + CaCO s . 
56 + 84 = 40 + 100. 

Dissolve about 40 grams of sodium bicarbonate in 
about half a litre of hot water. Then weigh out 30 grams 
of quick lime, slake it with water, and when it is tho- 
roughly slaked, stir it up with more water so as to 
obtain a milky fluid having lime in suspension. Add 
this to the hot solution of sodium bicarbonate, and boil 
for a few minutes. Withdraw the lamp, allow the 
precipitate to subside, and observe if a small por- 
tion of the clear liquid effervesce when hydrochloric 
acid is added to it If so, there is still some sodium 
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bicarbonate unconverted into caustic soda, and more 
lime must, therefore, be added. If, on the other hand, 
no effervescence occurs, the decomposition is complete, 
and the clear liquid is then evaporated in a clean iron 
or silver dish to dryness. The resulting white sub- 
stance is sodium hydrate (NaHO) or caustic soda. 

63. Properties of sodium hydrate. 

Sodium hydrate is a powerful alkali, and turns red 
litmus solution blue. When hydrochloric acid is added 
to it, it is neutralized, and sodium chloride (common 
salt) formed. (See 39.) 

Sodium hydrate and hydrochloric acid yield sodium 
chloride and water : 

NaHO + HC1 =. NaCl + H 2 0. 

40 + 36*5 - 58*5 + 18. 
Dissolve some of the caustic soda obtained in 52, in 
water, and add to it a solution of reddened litmus, and 
observe the change in colour from red to blue. Dis- 
solve a second portion in water, and add to it hydro- 
chloric acid by degrees, until a drop of the liquid taken 
out on a glass rod ceases to colour litmus paper blue. 
On evaporating the liquid thus obtained to a small 
bulk, sodium chloride will separate out. 
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PART II. 

BLOW-PIPE ANALYSIS.-PRELIMINARY 

EXAMINATION. 

54. Blow-pipe reactions. 

How to use the blow-pipe.* * 

Close the holes at the foot of the Bunsen lamp (Fig. 
13) so as to exclude air, and thus obtain a luminous 
flame. Now place the nozzle of the blow-pipe in the 
centre of the flame, and blow gently through the tube : 
observe that the flame produced is blue and corre- 
sponds to the non-luminous flame of the Bunsen lamp. 
This is the oxidizing or outer flame of the blow-pipe. 

Now hold the nozzle of the blow-pipe just outside 
the luminous gas flame, and blow gently: observe that 
the flame is partly yellow. This is the reducing or 
inner flame of the blow-pipe (Fig. 14). 

The oxidizing flame is used when a substance has to 
be oxidized, the reducing flame when a body has to be 
reduced, e.g. from a salt to the metallic state. 

* The student should be shown, once for all, the different uses of th« 
blow-pipe, and then be allowed to practise on several different substance* 
Unless when otherwise expressed the substances used must be dry. 
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EXAMPLES. 

I. Reduction. — Mix together in a mortar equal small 
quantities of dry sodium bicarbonate and silver nitrate. 
Place a portion in a little hollow scooped out of a 





Fig. 13. 



Fig. 14. 



sound piece of charcoal, and heat in the reducing 
flame of the blow-pipe. Observe the bright metallic 
bead of silver obtained, dissolve it in nitric acid, and 
precipitate it as chloride with a few drops of HC1. 

2. Oxidation. — (a) Make a # small loop on the end ot 
a piece of platinum wire, heat it, and dip it while hot 
in some sodium bicarbonate, so as to cause a small 
quantity to adhere to the wire ; now heat it with the 
blow-pipe flame until it is fused.* Then place on it a 
minute quantity of any manganese compound, and 
heat again in the oxidizing flame of the blow-pipe ; by 

* In a similar way, beads are also made with bo -ax or microcosmic 
salt, instead of sodium bicarbonate. 
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this means sodium manganate is formed, which colours 
the bead bright green. 

(b) Heat a small portion of metallic lead on a piece 
of charcoal in the oxidizing blow-pipe flame. Observe 
the yellow incrustation on the charcoal produced by 
the oxidation of the lead to litharge (PbO). 

55. Blow-pipe reactions for the commonly occurring 
metals* 

(a) Compounds reduced to metal when heated with 
NaHC0 3 on charcoal in reducing flame : 

Silver. Lead. Bismuth. Antimony. 

^ ., ^ ^^ 

Malleable beads. 'Brittle beads. 

(0) Compounds reduced to metal when heated with 
a mixture of KCN and NaHC0 3 in reducing flame : 

Tin. Copper. 

White. Red. 

(c) Compounds reduced to metal when heated on 

charcoal with reducing agents, but which at once 

volatilize : 

Mercury. Arsenic. 

(d) Compounds reduced to magnetic metallic pow- 
ders when heated on charcoal with reducing agents : 

Iron. Nickel. Cobalt. 

(e) Compounds reduced to metal when heated on 
charcoal with reducing agents, but which are at once 
converted into oxides : 

Cadmium. Zinc. 

Oxide is brown. Oxide is white. 

* These reactions must be carried out in the order indicated if they 
are applied to the examination of an unknown compound, since a metallic 
salt which is reduced by NaHCOi alone, is reduced a fortiori by a 
mixture of KCN and NaHC0 3 . 
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(J) Compounds which, after being heated on char* 
coal, then moistened with solution of Cod* and heated 
again, yield characteristic colours : 

Zinc. Aluminium. Magnesium. 

Green. Blue. Pink. 

(g) Compounds which when fused in a borax bead 
impart to it a characteristic colour : 

Iron. Cobalt. Nickel. Manganese. Chromium. Copper. 

Yellow. Blue. Reddish Amethyst. Green. Blue. 

yellow. 

{h) Compounds which impart a characteristic colour 
to any non-luminous flame : 

Barium. Strontium. Calcium. Potassium. Sodium. 

Green. Crimson. Red. Violet Yellow. 

5B." Having found out approximately by these reac- 
tions what the substance is, proceed to apply the 

following 

Confirmatory Tests. 

(a*) Silver bead soluble in HNOg. Solution yields 
with HC1 white curdy precipitate of AgCl. 

Lead bead soluble in HNO s . Solution yields with 
dilute H 2 S0 4 heavy white precipitate of PbS0 4 . 

Bismuth bead soluble in HNOg. Solution evapo- 
rated with HC1 yields with H 2 S black precipitate of 
Bi a Ss. 

Antimony bead soluble in HNOg. Solution evapo- 
rated with HC1 yields with H 2 S orange precipitate of 
Sb 2 Sg. 

(b) Tin bead soluble in HN0 3 . Solution on evapo- 
ration yields white precipitate of SnO^ 

* The letters correspond with those in the preceding paragraphs. 
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Coppei bead soluble in HN0 3 . Solution, on addition 
of (NH 4 )HO in excess, yields deep blue solution. 

(c) Mercury compounds, when heated in a small bulb* 
tube with NaHCO^ yield the metal in minute globules. 

Arsenic compounds, when heated in a small bulb- 
tube with KCN + NaHC0 8 yield the metal as a 
shining mirror. 

(d) Iron powder soluble in HNO s + HC1 yields 
yellow solution which gives a deep blue coloration 
with K4Fe(CN) 6 . 

Cobalt powder soluble in HNO s yields red solution, 
which gives a blue bead when fused with borax. 

Nickel powder soluble in HNO s yields green solu- 
tion, which gives a reddish yellow bead when fused 
with borax. 

(e) Cadmium oxide distinguished by its brown colour 
on the charcoal. 

Zinc oxide distinguished by its yellow colour while 
hot, turning white when cold. (See also under f) 

{/) Zinc compounds, a green residue\ 
on charcoal when moistened with CoCl^ 
and re-heated. (See also under e.) 

Aluminium compounds, a blue residue ^ 

on charcoal when moistened with CoCL \ _ 

j , . , [ when cold, 

and re-heated. 

Magnesium compounds, a pink residue 
on charcoal when moistened with CoClg 
and re-heated. 

(jf) Iron borax bead, reddish yellow when hot, pale 
yellow on cooling in oxidizing flame*. 
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Iron borax bead, light green in reducing flame. 

Cobalt borax bead, deep blue in either oxidizing or 
reducing flame. 

Nickel borax bead, reddish yellow when hot, paler 
on cooling, and finally nearly colourless in oxidizing 
dame, 

Nickel borax bead, grey when heated in the reducing 
flame. 

Manganese borax bead, amethyst-coloured in oxidiz- 
ing flame, colour disappears in reducing flame. 

Chromium borax bead, green in either oxidizing or 
reducing flame. 

Copper borax bead, blue or greenish-blue in the 
oxidizing flame, becomes colourless in the reducing 
flame. (See also under b.) 

(h) Barium salts colour the non-lumi-\ 
nous gas flame pale green. 

Strontium salts colour the non-luminous 
gas flame bright crimson. 

Calcium salts colour the non-luminous 
gas flame dull red. 

Potassium salts colour the non-luminous 
gas flame violet. 

Sodium salts colour the non-luminous 
gas flame yellow. 

BUNSEN'S FLAME REACTIONS. 

57. — The flame of an ordinary Bunsen lamp serves 
for nearly all the reactions which can be performed by 
the mouth blow-pipe. It is most convenient to use a 



Best seen 

after 

^moistening 

the salt 

with HCL 
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lamp in which the admission of air can be regulated, 
and in which the flame is kept steady by a conical 
chimney supported from the tube of the lamp (see 
Fig. 15). Adjust the brass cap covering the holes dd t 




Fig. 15. 

Fig. 13, so as to obtain a small luminous point at y 9 
Fig. 15, and then notice the following zones of flame, 
and the purposes to which they are best suited. 

a. Temperature low. Suitable for observing flame 
colorations of volatile substances. 

&. Highest temperature. Suitable for fusions at 
high temperatures. 
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y. The lower oxidizing flame. Suitable for oxida- 
tion of substances in borax or other beads. 

d. The lower reducing flame. Suitable for reduc- 
tions on charcoal, and in fused borax or other 
beads. 

c. The upper oxidising flame (obtained by admitting 
the maximum of air). Suitable for oxidation at lower 
temperatures than are found at and y. 

tf. The upper reducing flame. Suitable for reduc- 
tions ; possesses greater reducing power than & 

Metallic films. — The more volatile metals, such as 
arsenic, mercury, and zinc, are reduced from their 
compounds when these are heated on an asbestos 
thread in the upper reducing flame (17). If a small 
porcelain basin, filled with cold water, be held just 
above the substance to be examined, the volatilized 
metal condenses on the cold basin as a metallic film. 

Example. — Place a minute quantity of any arsenic 
compound on a thread of asbestos. Hold this in one 
hand, and in the other a small porcelain basin filled 
with cold water. Now place the basin just above the 
upper reducing flame, and then the asbestos thread im- 
mediately below. In a few seconds the reduction will 
be complete ; remove the basin and observe the 
brown film of metallic arsenic. Moisten the film 
with cold dilute nitric acid, and observe that it is 
scarcely soluble ; moisten now with solution of sodium 
hypochlorite, and observe its instant solubility. 

Metallic beads. — The less volatile metals may be 
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obtained as beads, when their compounds are heated 
with sodium carbonate on a small charcoal rod held 
in the lower reducing flame (8). 

Example. — Hold a crystal of sodium carbonate in 
the lamp flame for a few seconds till it begins to fuse ; 
then rub the fused salt thus obtained over a common 
wooden lucifer match, and burn this until it is converted 
into a rod of charcoal. Then allow a single drop of the 
fused sodium carbonate to fall on the palm of the hand, 
mix this intimately by means of a pen-knife with a 
small quantity of silver nitrate, and then place a very 
small portion of the mixture on the point of the rod of 
charcoal. Allow the mixture to melt in the lower 
oxidizing flame (y), and then push the charcoal splinter 
into the lower reducing flame (8). When the reduc- 
tion is completed, remove the splinter and examine 
the point with a lens. Minute beads of fused silver 
will be seen, which may be further examined by break- 
ing off the end of the splinter, and crushing it, along 
with a few drops of water in a small agate mortar. 
Pour off the water (which will cany che charcoal with 
it), and examine the metal thus obtained in the same 
way as the bead obtained by the mouth blow-pipe 
(56, a). 

58. Compounds of the following metals form 
metallic films : — Antimony, Arsenic, Bismuth, 
Mercury, Thallium, Cadmium, Zinc, Indium, 
and Lead. They may be further distinguished by 
the following tests : — 

£ 
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Antimony. Black film, thin part brown) ^ ca J ce y so * 
Arsenic „ „ „ J dilute HNO y 

Bismuth. Black film, thin part brownl wi | h di ^- 
Mercury. Grey non-coherent thin filmj ^old dilute 
Thallium. Black film, thin part brown j HNO . 

Cadmium. Black film, thin part brownl 

7 . | Instantly so- 

7 lI \ C : " ' " " ) luble in cold 

nd, _ um ' » » " dilute HNO y 

i^eaa. „ ,, „ 

Compounds of the following metals give no film, 

but are reduced to metal on charcoal splinter : — 

Copper, Tin, Silver, Gold, Platinum, Iron. 

Nickel, and Cobalt. They may be further distin 

guished as follows : — 



MU 3 \ 

I Fusible to 



Copper. Red bead, soluble in HNO 

Tin. White bead „ „ . ... 

_.. } metallic 

Sllven » » » beads. 

Gold. Yellow bead, insoluble „ / 

Platinum. Non-magnetic powder j N(rt fusible to 

Iron. Magnetic powder ( beads, but ob- 

NickeL „ „ [ tained as rne- 

CobalL „ „ J tallic powders. 

59. Additional tests for the compounds of the 
following metals : — 

Antimony. — On asbestos thread in upper reducing 
flame, pale green coloration, unaccompanied by smell. 
Reduced on charcoal splinter, yields white brittle 
metallic beads. 
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* 

Arsemc. — On asbestos thread in upper reducing 
6ame, pale blue coloration, and characteristic smell 
(garlic). Reduced on charcoal splinter, yields no 
metallic bead. 

Bismuth. — Reduced on charcoal splinter, yields 
shining yellowish brittle splinters of metal. Dissolve 
in HNO3, add SnCJg, and NaHO, yields black preci- 
pitate of Bi 2 O*. 

Mercury. — Mixed with dry sodium carbonate and 
potassium nitrate, in a small thin test-tube (5 millimetres 
wide and 15 millimetres long), and held in the flame 
(by a platinum wire coiled round it) just below a small 
porcelain basin filled with water, yields grey film, 
which, on rubbing with a piece of filter paper, is col- 
lected into small globules. If the quantity of mercury 
be large, globules form at once. 

Thallium. — Flame coloration bright green. Re- 
duced on charcoal splinter, yields white ductile bead, 
which quickly oxidizes, and is acted on by HC1 with 
difficulty. 

Cadmium. — Reduced on charcoal splinter imper- 
fectly to a white ductile bead. 

Zinc. — On asbestos thread in upper oxidizing flame, 
yields white film of ZnO on the porcelain basin. 
Moisten a square centimetre of filter paper with 
HNO3, and rub it over the surface of the basin so 
as to dissolve the oxide film ; roll this up and place 
it in a coil of thin platinum wire. Now burn the paper 
in the upper oxidizing flame at as low a temperature 
as possible, and observe that the colour of the ash is 

E 2 
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yellow, while hot, and white on cooling. Moisten this 
ash with a drop of a very dilute solution of cobalt, heat 
in the lamp flame, and observe the green colour pro- 
duced. 

Indium. — Flame coloration, intense indigo colour. 
Reduced on charcoal splinter with difficulty to silver- 
white ductile globules, slowly soluble in HCL 

Lead. — Reduced on charcoal splinter, yields soft 
ductile metallic beads, soluble in HN0 3 . Add H 2 S0 4 , 
yields white precipitate of PbS0 4 . 

Copper. — Reduced on charcoal splinter, yields ductile 
metallic beads of a red colour. Dissolve in HN0 3 
and add KJTe (CN) 6 , yields chocolate coloured preci- 
pitate of Cu 2 Fe (CN) 6 . 

Fuse a small quantity of borax on a straight piece 
of platinum wire (of the thickness of a horsehair), and, 
having obtained a clear bead, add a trace of any 
copper compound, and observe the blue bead obtained, 
which does not alter in the lower reducing flame. Add 
a trace of tin or any tin salt, and heat in the lower 
reducing flame ; observe the change of colour to red, 
owing to the formation of Cu a O. 

TV/*.— Obtain a borax bead coloured faintly blue by 
copper, and add the tin compound ; proceed just as 
described under copper. The change of colour from 
blue to red indicates presence of tin. 

Silver. — Reduced on charcoal splinter, yields white 
ductile beads. Dissolve in HN0 3 and add HC1, 
yields white curdy precipitate of Ag CI. 

Gold. — Reduced on charcoal splinter, yields yellow 
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very malleable beads. Dissolve in aqua regia, absorb 
the yellow solution on filter paper, and moisten with 
SnClg, yields purple of Cassius. 

Platinum. — Reduced on charcoal splinter yields a 
grey spongy mass, which becomes lustrous when rubbed 
in the mortar. Observe insolubility in HC1 and in 
HNOj, and solubility in aqua regia, forming a light 
yellow solution. 

Iron. — Reduced on charcoal splinter, yields no bead, 
but minute metallic particles. Crush the end of the 
splinter in an agate mortar with a little water, and 
stir gently with a magnetized knife-blade. The finely 
divided metal will adhere to the knife. Rub this 
off on filter-paper, dissolve in aqua regia and add 
K 4 Fe(CN) c : observe the blue coloration from forma- 
tion of Prussian blue. 

Borax bead: In the oxidizing flame when hot, 

yellow to brownish red. 
„ „ In the oxidizing flame when cold, 

yellow to brownish yellow. 
„ „ In the reducix-jf flame, bottle 
green. 

Nickel. — Reduced on charcoal splinter, yields white 
lustrous ductile particles, which form a brush on the 
point of the magnetized knife-blade. Rub these on 
paper and dissolve in HNO3, and observe the green 
colour produced. 

Borax bead : In the oxidizing flame, greyish brown 
or dirty violet. 

Upper reducing flame, grey from reduced nickel, 
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which often collects to a spongy mass, leaving the 
bead colourless. 

Cobalt— Reduced on charcoal splinter, yields white 
lustrous ductile particles, which adhere to the mag- 
netized knife-blade Rub these on paper and moisten 
with HN0 3 : observe the red colour, which changes to 
green on addition of HC1 and drying ; moisten with 
water, and observe the disappearance of the colour. 

Borax bead : In the oxidizing flame, bright blue, 
unaltered in the lower reducing flame. 

SO. The following metals are most easily re- 
cognized as compounds : — Chromium, Manganese, 
Uranium. 

Chromium, — Heated on platinum foil with NajC0 3 
and with repeated additions of KN0 8 , yields a yellow 
mass soluble in water to a yellow solution. 

Manganese, — Borax bead amethyst-coloured in the 
oxidizing flame, colourless bead in the reducing flame. 
Heated with NajC0 3 and KNO3, yields a green bead, 
soluble in water to a green solution, which turns red 
on addition of acetic acid. 

Uranium. — Borax bead yellow, in the oxidizing flame, 
which becomes green in the reducing flame, especially 
on addition of SnClg. 

The following tests for phosphorus and sulphur 
compounds are exceedingly delicate : — 

Phosphorus, — Ignite the sample, and then powder 
finely and place in a small test tube about the thick- 
ness of a straw, along with a piece of magnesium wire 
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about five millimetres long, which should be covered 
by the powder. Now heat, and observe the incan- 
descence caused by the formation of magnesium phos- 
phide. Moisten the residue, and observe the highly 
characteristic smell of phosphuretted hydrogen. 

Sulphur, — Reduced on charcoal splinter with 
Na 2 COa, yields N^S. Break off the charcoal point, 
place it on a silver coin, and moisten with a drop of 
water. The silver is at once blackened, owing to the 
formation of silver sulphide. 



61.— PRELIMINARY EXAMINATION OF 
SINGLE SALTS. 

Before proceeding to the systematic analysis of 
single salts or mixtures, it is always advantageous to 
subject substances to a preliminary examination, in 
order to ascertain the probable nature of the substance. 
The tables A and B, which follow, are adapted for the 
detection of single salts, either soluble or insoluble. 
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TABLE A. 

PRELIMINARY EXAMINATION OF SINGLE SALTS CONTAIN- 
ING ONE ACID AND ONE BASE. 

a Examination for Acid.* 

Heat the substance in a dry tube, and observe whether — 
(a) Water is given off. Test its reaction with litmus paper. 

Acid reaction indicates Sulphites, Chlorides, 8*C. 

Alkaline reaction indicates Ammonium Salts. 

(£) A sublimate forms. 

Yellow (or in red globules) indicates Sulphur. 

! Ammonium Salts, Mer- 
cury, Arsenic, Anti- 
mony- 
Metallic mirror „ Mercury,* Arsenic. 

(e) A gas is evolved. 

Oxygen indicates Chlorates, Nitrates, Peroxides. 

Carbon monoxide • „ Oxalates. 

Nitrogen tetroxide „ Nitrates. 

Ammonia „ « Ammonium Salts. 

Carbon dioxide „ Carbonates. 

{d) The substance alters in colour. If black, indicates Organic 
matter, if yellow while hot, indicates Zinc Oxide. 

Take a fresh portion of the substance, add HC1, and observe whether— 
(e) A gas is evolved with effervescence. 

Smelling like burning sulphur indicates ^^pfcft". ' H **°- 

„ „ rotten eggs „ Sulphides. 

„ „ bitter almonds „ Cyanides. 

! Peroxides, Chro- 
mates. or Hypo- 
chlorites. 
Rendering lime-water turbid „ Carbonates. 

(_/") Try if the substance is soluble in water ; if so, add Ba CL solution to 
a portion of the solution, and observe if a precipitate form. 



White and insoluble in HC1 indicates Sulphates. 



* Jertain substances, not acids {e.g. mercury, sulphur, ammonia), are 
for convenience included here. 



\ 
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White and soluble in HC1 indicates Phosphates, Silicates, 

Oxalates. Borates, and Fluorides. Also Carbonates 
and Sulphites (see *). 

Yellow indicates Chromates (see e). 

If Ba Cla has jnven no precipitate, add Ag NO3 to another portion of the 
solution, and observe if a precipitate form. 

White indicates Chlorides. Also Cyanides (see e). 

Yellowish-white, Bromides and Iodides. 

Black indicates Sulphides (see e). 

{g) If neither water nor HC1 has dissolved the substance, try nitric acid; 
and if this €oes not dissolve it, try aqua regia; and if that does not 
dissolve it, examine it according to the methods described in the 
following table (B). 

Note. — If the substance is dissolved in H NO3 or aqua regia, it must be 
evaporated to dryness with HC1 before proceeding to the examination 
for bace f/9). 

0. Examination for Base. 

A solution having been obtained, observe— 

(A) If H CI produce a precipitate, it indicates— 
Silver, Lead, or Mercurous Salts. 

(*) If H CI + H a S produce a precipitate, it indicates— 

Mercuric Salts. Lead, Bismuth, or Copper (black). 
' Arsenic, Stannic Salts, or Cadmium (yellow). 
Antimony (orange). 
Stannous Salts (brown). 

(J) If (NH4) HO + NH 4 Q + (NH 4 ) a S produce a precipitate, it indi- 
cates— 

Iron, Nickel, or Cobalt (black). 
Zinc or Aluminium (white). 
Manganese (flesh-coloured). 
Chromium (green). 

{k) If (NH 4 ) HO + NH 4 C1 + (NH 4 ) a C0 3 produce a precipitate, it 
indicates— 

i Barium (tinges flame green). 
Strontium ( „ „ crimson}. 
Calcium ( „ „ 'dull red). 



(/) If not precipitated by the above reagents, it indicates— 

fMagnesium, precipitated by Na, HP0 4 +(NH 4 ) HO (white) 

1 Potassium (tinges flame violet). 

I Sodium ( „ ,. yellow). 

VAmmonium Salts (heated with NaHO gives smell of NH3). 
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TABLE B. 

EXAMINATION OF INSOLUBLE SUBSTANCES. 

The following substances are, under certain circumstances, insoluble la 
acids, and must be examined specially : — Silica, Silicates, Alu- 
minia, Aluminates, Oxides of Antimony, Chromium, 
and Tin, Chrome Iron Ore, Sulphates of Barium, 
Strontium, and Lead, certain Fluorides {e.g. of Calcium), 
certain Sulphides {e.g. of Lead), the Chloride, Bromide, 
and Iodide of Silver, Carbon, and Sulphur. 

Heat the substance in a dry tube, and observe whether— 

\a) It fuses and volatilizes completely. Sulphur (smells of S0 a ). 

l£) It fuses, but does not volatilize. Chloride, Bromide, or 
Iodide of Silver. (Yields metallic silver on fusing on 
charcoal with Nag CO3). 

(«.*) It is infusible, but disappears on heating. Carbon (Deflagrates 
when heated with K KO3). 

(<l; It is infusible, but darkened in colour while hot, regaining its colour 
on cooling. Tin Dioxide and Antimony Pentoxide- 

(Confirm by blow-pipe test — tin bead is malleable; antimony bead 
brittle.) 

Observe whether— 

(e) It yields a green bead with borax or microcosmic salt. Chromium 
Oxide or Chrome Iron Ore. 

(/) It swims undissolved in a bead of microcostnic salt. Silica and 
Silicates. (Fuse with four times its weight of a mixture of 
K*C03 and Na^C^. Allow to cool, dissolve in water, add 
H CI, and evaporate to dryness. Silica will separate out as a 
gelatinous mass.) 

\£) It yields a colourless bead, with microcosmic salt. Alumina* 
(Heated on charcoal and moistened with Co (N 03)3 and re- heated, 
it yields a blue infusible mass.) 

ik) It is white and infusible, but quite unaltered by heating. 

Lead Sulphate yields when heated with Na, CO* in blow-pipe 
reducing name, malleable metallic bead. (See also *.) 
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Barium Sulphate, fused with Na a C0 3 yields BaCO ? . Boil 
the fused mass with water, filter and wash ; the residue dissolved 
in HCl yields RaCl a (flame coloration, greeji), precipitated by 
SrSG>4 solution. 

Strontium Sulphate, fused with Na ? C0 3 yields SrC0 3 . 
Boil the fused mass with water, filter and wash; the residue 
dissolved in HCl yields SrCla (flame coloration, crimson), preci- 
pitated by CaSCU solution. 

Calcium Fluoride, heated with H 3 S04, yield* HF, which 
etches glass. 

(/) It is black and infusible, and yields a malleable metallic bead when 
fused with Na^CO? in the blow-pipe flame. Lead Sulphide. 
(Bead leaves black mark on paper; and, when dissolved in 
HNO3, give< a white precipitate on addition of H a S04. 



* The action of strong H a SC>4 often affords a valuable indication of 
the nature of a salt, whether soluble or insoluble. Thus, evolution of— 



Sulphur Dioxide : "-' 

Sulphuretted Hydrogen 
Hydrocyanic Acid 

Oxygen 

Carbon Dioxide 

Carbon Monoxide 

Chlorine 

Hydrochloric Acid 
Hydrofluoric Acid 
N Uric Acid 
Acetic Acid 
Chlorine letroxide 



i n « , M r. c ( Sulphites or Hyposul- 
indicatesj ph \ tes . '*" 



Sulphides. 

Cyanides. 

1 Peroxides, Chromates, 

1 Permanganates. 

Carbonates. 

(Oxalates, Formates, Fer- 

l rocyanides. 

Hypochlorites. 

Chlorides, 

Fluorides. 

Nitrates. 

Acetates. 

Chlorate;*. 



PART III. 

REACTIONS OF THE COMMONLY OCCUR- 
RING METALS, WITH THE METHODS 
OF THEIR SEPARATION. 



1 GROUPING OF THE METALS. 

62. The metals are divided into five groups accord- 
ing to their behaviour with certain substances which 
are termed group reagents. These five groups are the 
following : — 

Group I.— (Silver Group.)* 

Group reagent, HC1. 
Sliver, Mercury, Lead. 

The chlorides of the metals of this group are in- 
soluble in water, and are therefore precipitated on 
addition of HCL 

* A characteristic metal in each group may conveniently be used to 
designate that group. Thus, we may say- " Silver Group " and " Copper 
Group," in place of Groups I. and II. 
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Group II. (Copper Group.) 

Group reagent, H 2 S in presence of HC1. 

Mercury, Lead, Bismuth, Copper, Cadmium, Arsenic, 

Antimony, and Tin. 

The sulphides of the metals of this group are in- 
soluble in HC1, and are therefore precipitated by H 2 S 
in an aqueous solution containing HCL The three 
last metals, arsenic, antimony, and tin, form a sub- 
group, as their sulphides are soluble in (NH 4 ) 2 S 2 , 
whilst the sulphides of the remaining metals are 
insoluble in that reagent. 



Group III. (Iron Group.) 

Group reagent, (NH 4 ) 2 S, in presence of NH 4 C1 and 

(NH 4 )HO. 

Iron, Nickel, Cobalt, Zinc, Aluminium, Manganese, 

and Chromium. 

The sulphides and hydrated oxides of the metals of 
this group are insoluble in water, and are therefore 
precipitated on addition of the group reagent. Alu- 
minium and chromium are precipitated as hydrated 
oxides, the others as sulphides. 
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Group IV. (Bj»vium Group). 

Group reagent, (NH 4 ) 2 C0 3 , in presence of (NH 4 )HO 

and NH 4 CL 

Barium, Strontium, Calciumj 

The carbonates of the metals of this group are in- 
soluble in water, and are precipitated on the addition 
of (NH4) 2 C03; as, however, they are soluble in acids, 
(NH 4 )HO must be added when the solution is acid. 



Group V. (Potassium Group.) 

Metals unprecipitated by the above group reagents. 
Magnesium, Potassium, Sodium, Ammonium. 

These metals have no common precipitant, and are 
therefore distinguished by individual tests. 

The student should at first have several metallic 
salts given to him, and be asked merely to determine 
to which of the above groups each salt belongs ; he 
ought next to make himself familiar with the individual 
tests for each metal which follow, and then proceed to 
the separations of the different metals. It will also be 
well for him to attempt to frame a table of separations 
for each group before consulting those given in the 
book. , 
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Reactions of the Metals of the Silver Group. 

63. Metals whose chlorides are insoluble in water, 
and which are precipitated on addition of the group 
reagent, HC1 : 

Silver, Mercury, Lead. 

Silver. Ag, combining weight 108. 

1. HC1 produces a white curdy precipitate of AgCI, 
insoluble in hot water and in HN0 3 , but readily soluble 
in (NH 4 )HO. 

2. H 2 S or (NH 4 ) 2 S produces a black precipitate of 
Ag 2 S, soluble in boiling HN0 3 , with separation of sul- 
phur. 

3. NaHO produces a light brown precipitate of 
Ag 2 0, insoluble in excess of NaHO, but soluble in 
(NH^HO. 

4. K 2 Cr0 4 produces a dark red precipitate ot 
Ag 2 Cr0 4 , soluble in hot HN0 3 ; this solution deposits 
on cooling an acid chromate in needle-shaped crystals. 

5. Heated on charcoal with Na^Oa, in the reducing 
flame of the blow-pipe, yields bright, malleable metallic 
beads, soluble in HNO s (56, a). 

64. MERCURY. Hg, C.w. 200. Mercurous Salts. 

1. HC1 produces a white precipitate of Hg 2 Cl 2 
(calomel), insoluble in cold HN0 3 , and blackened by 
(NH 4 )HO, from formation of Hg 2 Cl(NH 2 ). 

2. H 2 S or (NH^S produces a black precipitate of 
Hg 2 S, not dissolved by boiling HNO,. 
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3. NaHO produces a black precipitate of Hg 2 0, in- 
soluble in excess of NaHO or (NHJHO. 

4. SnCl 2 produces a grey precipitate of Hg. If the 
fluid be poured off and the residue boiled with HC1 
distinct globules are obtained. 

5. KI produces a dark green precipitate of Hg 2 I 2 . 

6. If a drop of neutral or only slightly acid solution 
of a mercurous salt be placed on a bright piece of 
copper, metallic mercury is deposited and the stair, 
becomes bright on rubbing : it disappears on heating, 
owing to the volatility of the mercury. 

7. Heated in a small tube with NaHC0 3 , yields grey 
deposit of Hg, which on rubbing appears in distinct 
globules (59). 

65. Lead. Pb, c.w. 207. 

1. HC1 produces a white precipitate of PbClg, which 
is converted into a basic salt on adding ammonia, but 
without change of appearance. PbClg is soluble in a 
small quantity of hot water, or in a large quantity of 
cold water. 

2. H 2 S0 4 produces a heavy white precipitate of 
PbSOi, soluble in NaHO. In dilute solutions this 
precipitate appears only on standing ; if therefore there 
is no immediate precipitation, the solution should be 
concentrated by evaporation. PbS0 4 is soluble in 
boiling HC1, and the solution on cooling deposits 
needle-shaped crystals of PbClg. 

3. !LjZtO k produces a bright yellow precipitate of 
PbCr0 4 , readily soluble in NaHO, but with difficulty 
in HNOa. 
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4. KI produces a bright yellow precipitate of Pbl„ 
soluble in boiling water ; the solution on cooling depo- 
sits the salt in brilliant golden hexagonal scales. 

5. Heated on charcoal with NaHCOg, yields mal- 
leable beads, and at the same time a yellow incrusta- 
tion of PbO on the charcoal (56, a). 



TABLE C 

SILVER GROUP (I.). 
66. Separation of Silver, Mercury, and Lead. 

Add HC1 and filter from the precipitated chlorides. 
Precipitate. i Filtrate. 

AgCl, Hg a Cl„ PbCla. Groups II., ill., IV. & V. 

Wash precipitate twice with cold water, and add washings to filtrate, 
hen twice with hot water, and test part of this for lead with dilute 
rlaSO* White precipitate indicates Lead. Boil the remaining part 
down to obtain the needle-shaped crystals of PbCla. If lead be found, 
wash the precipitate free from it with hot water, and treat the residue 
with warm (NH 4 ) HO ; filter. 
» 

Residue. I Filtrate. 



1 



Hg. A*. 

If the residue is black, this Add HNO3. A white preci- 

indicates Mercury. Dissolve pitate indicates the presence of 

in HO + HNO3 and test with SilTCr. Confirm with blow-pipe 

Sn CLj. Confirm by reduction test (56, a). 
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Reactions of the Metals of the Copper Group. 

67. Metals whose sulphides are insoluble in HC1 
and are precipitated in presence of that acid by the 
group reagent H 2 S. 



Mercury* l*ead, Bismuth, Copper, Cadmium, Arsenic, 

Antimony, and Tin. 

Sub-group A. — Sulphides of the above metals in- 
soluble in (NH^S^ viz., Mercury, Lead, Copper, Bis- 
muth, and Cadmium. 

MERCURY. Hg, c.w. 200. Mercuric Salts. 

1. H 2 S produces, when added by degrees, first a 
white precipitate, which changes to orange, then to 
brownish red, and finally to a black precipitate of 
HgS. These successive changes of colour on the ad- 
dition of H 2 S are exceedingly characteristic. This 
precipitate is insoluble in HC1 and in HN0 3 , even on 
boiling ; it is soluble, however, in KHS and in aqua 
regia. 

2. KHO produce^ a yellow precipitate of HgO, which 
is insoluble in excess of the precipitant, except when 
added to very acid solutions. 

3. (NHJHO produces in solutions of HgCl 2 a 
white precipitate of HgCl(NH 2 ) (" white precipi- 
tate " ). 
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4. SnCl 2 produces, when added in small quantities, 
a white precipitate of HggCla, but on adding an excess 
of the reagent, metallic mercury precipitates as a grey 
powder, and may be united into a coherent globule by 
boiling with HC1. 

5. KI produces a bright red precipitate of Hgl 2 
soluble in excess either of KI or of HgQ^ 

6. Reactions 6 and 7 for mercurous salts (M) are 
also produced with mercuric salts. 

68. Lead. Pb, c.w. 207. 

1. H 2 S produces a black precipitate of PbS, even in 
solutions of PbCl 2 , so that a weak solution of a lead 
salt which has not been precipitated with HCl will be 
precipitated with H 2 S. Hence lead occurs both in 
the silver and copper groups. 

2. Reactions 2, 3, 4, and 5, for lead, in Group I. (65), 
are also applicable in this group. 

69. Bismuth. 3i, c.w. 210. 

1. H 2 S produces a black precipitate of Bi 2 S 3 , insolu- 
ble in KHS and KHO, but soluble in HNO3. 

2. KHO or (NHJHO produces a white precipitate, 
which on boiling becomes yellow (Bi 2 C>3); the precipi- 
tate is insoluble in excess of either reagent. 

3. H 2 0, when added in considerable quantity to 
normal salts of bismuth, produces an immediate white 
precipitate of a basic salt of bismuth. 

Bismuth trichloride is most easily precipitated by 
H 2 0. If another salt of this metal is being examined, 
it is best to precipitate the oxide first by ammonia ; 

F 2 
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dissolve it in as little HC1 as possible, and evaporate 
it almost to dryness. On adding water to this solu- 
tion, a precipitate of BiOCl at once forms, which is 
insoluble in tartaric acid (compare corresponding re- 
action with antimony, 74 f 4). Solutions of bismuth 
salts containing much free acid do not give this 
reaction with H 2 until the excess of acid has been 
expelled by evaporation. 

4. KgCrC^ produces a yellow precipitate of Bi 8 (Cr0 4 ) 8 , 
soluble in HN0 3 , and insoluble in NaHO. (Compare 
reaction for lead, 65, 3.) 

5. Heated on charcoal with NaHC0 3 in the re- 
ducing flame of the blow-pipe, yields brittle metallic 
globules; also a slight yellow incrustation of oxide 
on the charcoal. 

70. Copper. Cu, c.w. 63-5. , 

1. H 2 S produces a black precipitate of CuS, soluble 
in HNO3, but insoluble in KHS, and only slightly 
soluble in (NH 4 ) 8 S 2 . CuS is also dissolved by KCN, 
but is insoluble in hot dilute H 2 S0 4 . 

2. KH O produces a pale blue precipitate of Cu(H 0) 2 , 
insoluble in excess of the precipitant. If the KHO ba 
added in excess and the mixture boiled, the precipitate 
becomes black and loses water. 

3. (NH 4 )HO produces, when added in small quanti- 
ties, a greenish blue precipitate of a basic salt, soluble 
in excess to a dark blue solution, which consists of a 
double basic salt of copper and ammonium. 



1 



* 



4. K 4 Fe(CN) 6 produces a brown precipitate of i 



TESTS FOR COPPER AND CADMIUM. 69 

Cu 2 Fe(CN) 6 , insoluble in dilute acids, but decomposed 
by KHO. 

5. Fe precipitates copper in the metallic state, from 
its solutions, especially in presence of a little free acid 
The iron ought to be bright and clean. 

6. Zn also precipitates copper solutions. If a solu- 
tion of copper containing a few drops of HC1 be placed 
in a platinum capsule, and a fragment of zinc added, 
the copper will be precipitated on the platinum as a 
red coating. 

7. Compounds of copper, when heated in the Bunsen 
lamp flame, impart a green colour to it, especially after 
addition of AgCL 

8. Mixed with NaHC0 3 + KCN and heated on 
charcoal before the reducing blow-pipe flame, yields 
bright red metallic particles, soluble in HNOg, and 
giving a deep blue solution on adding (NHJHO. 

71. Cadmium. Cd, c.w. 112. 

1. H 2 S produces a yellow precipitate of CdS, soluble 
in HNO3, but insoluble in KHS, in (NH 4 ) 2 S, and 
in KCN. CdS is dissolved by hot dilute H 2 S0 4 
(Compare reaction for copper, 70, 1.) 

2. KHO produces a white precipitate of Cd(HO)£, 
insoluble in an excess of the precipitant. 

3. (NH 4 )HO also precipitates Cd(HO) 2 , but the pre- 
cipitate is soluble in excess. . 

4. Heated on charcoal with NaHC0 3 in the reducing 
blow-pipe flame, yields no metallic bead, but a brown 
incrustation of CdO. 
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73. Sub-group B.— Sulphides soluble in (NH^S^ 
viz., those of Tin, Antimony, and Arsenic. 

TIN, Sn, cw, 118. Stannous Salts. 

i. H 2 S produces a dark brown precipitate of SnS, 
soluble in (NH4) 2 S 2 (yellow), but nearly insoluble in 
(NH 4 ) 2 S (colourless). From its solution in (NH 4 ) 2 S 2 
it is re-precipitated as SnS 2 (yellow) on adding HC1. 
SnS is also soluble in KHO, and, on the addition 
of acids, is re-precipitated as SnS (brown). 

2. KHO produces a white precipitate of Sn (HO) a 
soluble in excess of the reagent 

3. (NH|)HO also produces a precipitate of Sn(HO)2, 
but not soluble in excess. 

4. HgClg produces at first a white precipitate of 
HggClg, and on boiling with excess of the reagent, 
a grey precipitate of Hg. 

5. AuCl 3 produces a purple precipitate (purple 01 
Cassius) on addition of a little HN0 3 . 

6. Zn produces a precipitate of metallic tin, in 
shining laminae or as a spongy mass. 

7. Mixed with NaHC0 3 + KCN and heated on char- 
coal in the reducing blow-pipe flame, yields small 
globules of Sn and a white incrustation of SnOg. 

Stannic Salts. — 1. H 2 S produces a yellow preci- 
pitate of SnS j, soluble in (NH^gS, in KHO, and in 
boiling concentrated HC1. It is with difficulty soluble 
in (NH^HO, andinsoluble in (NHJgCOg. 

2. KHO or (NH^HO produces a white precipitate 
of SnO(HO)2, soluble in an excess of the precipitant. 
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3. Zn produces the same reaction as with stannous 
salts. (See above.) 

4. The blow-pipe reaction for Stannic is the same as 
for Stannous Salts. (See above.) 

74. Antimony. Sb, c.w. 122*3. 

1. H 2 S produces in acid solutions an orange pre- 
cipitate of Sb 2 S 3 , soluble in alkaline sulphides, in 
KHO, in boiling concentrated HC1, but insoluble in 
(NH 4 ) 2 C0 3 . 

2. KHO produces a precipitate of Sb 2 3 , soluble in 
excess of the reagent. 

3. (NH 4 )HO produces a precipitate of Sb 2 3 , in- 
soluble in excess of the reagent. 

4. H 2 produces in solutions of SbCl 3 a white pre- 
cipitate of SbOCl, soluble in tartaric acid : compare 
corresponding reaction with bismuth (09, 3). 

5. Zn, in presence of HC1 and platinum, precipitates 
Sb as a black powder, which adheres to the platinum. 
This is best done either by placing a strip of Zn and 
Pt (in contact) in a solution of Sb made acid with 
HC1, or by placing a similar solution in a platinum 
capsule and dropping in a piece of Zn. The black 
stain on the platinum is not dissolved by cold HC1, 
but is immediately dissolved by warm HN0 3 . 

6 (Marsh's Test). — If a solution of Sb be placed in 
a flask along with Zn and dilute H^O^ SbH 3 is given 
off as a gas, which is decomposed by heat, Sb being 
deposited. The apparatus is arranged as in the 
figure, a is the evolution flask ; b y a tube containing 
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CaCLj to absorb moisture ; and c, a tube of hard glass 
attached to the drying tube, which is drawn out to a 
point at the extreme end, so as to form a jet. When 
the dilute acid and zinc have been in contact some 
time, and when the air has been expelled from the 
flask, the hydrogen evolved is lighted at the jet and a 
cold porcelain crucible lid is held against the flame ; if 
a black stain be produced on it, the materials employed 




Fig. id. 

are not pure, and must be rejected. Having ascer 
tained that the Zn and H 2 S0 4 are pure, add now by 
the funnel tube a few drops of a solution of antimony, 
and observe that the flame now burns with a bluish 
green colour, and gives off white fumes (Sb 2 3 ), and 
that on placing a cold porcelain lid against the flame 
a dull black stain of metallic antimony is deposited 
on it. Obtain several of these stains in order to com- 
pare them with the corresponding arsenic ones, and 
then heat the tube ^with the lamp flame. Observe 
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the deposition of Sb close to the flame y and the simul- 
taneous decrease of the green tint of the flame at the 
jet Obtain several of these mirrors, observe their 
silvery lustre, and keep some for comparison with 
arsenic mirrors. 

Further reactions. — (a) Add to the stain on porcelain 
a drop of NaCIO : the stain v£ll remain undissolved. 

{b) Cut off with a file the portion of tube containing 
the metallic mirror, and heat it in a dry test tube. The 
mirror will be oxidized to SbaOg, which will deposit as 
a sublimate on the test tube. Examine this with a 
lens, and ascertain that it is amorphous. 

(c) Attach another tube containing an antimony 
mirror to an apparatus evolving dry H 2 S, and warm 
the mirror gently (heating first the part of the, mirror 
farthest from the evolution flask) : observe the change 
in colour from the formation of orange SbjjS^ Now 
detach the tube and pass through it (without heating) 
a current of dry HC1 gas ; the Sb 2 S 3 will be converted 
into SbClg, which is volatile, and may be collected by 
dipping the end of the tube under water. On adding 
H 2 S to this liquid, orange Sb 2 S 3 will be re-precipitated. 

7. Allow a current of SbH 3 to pass through a solution 
of silver nitrate : SbAgs will be precipitated (black) and 
nitric acid left in solution. Filter and dissolve the 
residue in a hot solution of tartaric acid, add a few 
drops of HC1, and pass H 2 S through the solution : an 
orange precipitate of Sb 2 S 3 will be obtained. 

8. Heated with NaHC0 3 on charcoal in the reducing 
blow-pipe flame, yields brittle globules of the metal, 
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and a white incrustation of Sb 2 3 on the charcoal. 
Fumes of the oxide are also given off after the metal 
has been removed from the flame, and they occasion- 
ally condense round the bead in a crystalline mass. 

75. Arsenic. As, c.w. 75*2. 

1. H 2 S produces in acid solutions a yellow precipi- 
tate of As 2 S 3 , soluble in alkaline sulphides, in KHO, in 
HNO3, and in (NHJjjCOg, but nearly insoluble in 
boiling concentrated HCL (Compare reactions for Sb. 
74, I.) 

2. AgN0 8 produces in neutral solutions of the arse- 
nites a pale yellow precipitate of AggAsOg. This is best 
obtained by adding AgN0 3 to an aqueous solution of 
As 2 3 , and then drop by drop a very dilute solution of 
(NH 4 ) HO prepared by adding one or two drops of 
ordinary (NH4) HO to a test-tube full of H 2 0. The pre- 
cipitate is readily soluble in excess of (NH 4 )HO, hence 
the necessity for using a very dilute solution of that 
reagent. 

3. CuS0 4 added under the same conditions as the 
AgN0 3 , produces a pale green precipitate of CuHAsOg 
(Scheele's green), soluble in (NH 4 )HO. 

4. Acetic acid, added to solutions of As 2 3 and 
then KHO in slight excess, yields (after evaporation 
to dryness), on ignition in a small tube, oxide of 
cacodyl 2 (As(CH s ) 2 )0, readily recognized by its power- 
ful and characteristic odour. If SnClj be added to the 
contents of the tube after ignition, the equally charac- 
teristic smell of cacodyl chloride, As (CH^Cl, is ob- 
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served. These experiments (and also Marsh's test (5) ) 
must be done with an exceedingly small quantity of sub- 
stance, owingto the poisonous properties of the products. 

5. Proceed exactly as in Marsh's test for Sb (74, 6), 
substituting a solution of As for one of Sb, and 
observe the bluish flame with which the mixture of H 
and AsH 3 burns, and also the production of white 
fumes of AsjOg. Obtain, as in the case of Sb, stains 
on porcelain lids, and mirrors by heating the hard glass 
tube. Compare these with the antimony stains and 
mirrors, and observe that the latter in the case of As 
are deposited at a greater distance from the heated 
part of the tube, owing to the greater volatility of As. 
Observe also the distinction in colour of the stains : 
dark brown or almost black in the case of Sb, and, 
when seen in thin films, pale brown and lustrous in 
the case of As. 

Further reactions. — (ft) Add to one of the stains on 
porcelain a drop of NaCIO : it will be rapidly dis- 
solved. 

(d) Cut off the portion of tube containing a metallic 
mirror, and heat it in a dry test tube. The mirror of 
As will be oxidized to As 2 3 , which will be deposited 
in crystals on the cool part of the tube. Examine these 
with a lens, and observe the octahedral form of the 
crystals. Take out the piece of tubing which con- 
tained the mirror, and dissolve the crystals left* in the 
test-tube in warm H 2 ; add to this solution AgN0 3 
and very dilute (NH^HO, and observe the yellow pre- 
cipitate of AgaAsOa, Or, to the aqueous solution of 
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As 2 3 add a drop of HC1, and pass H 2 S through 
the solution, and observe the yellow precipitate ot 
As 2 03. 

(c) Attach another tube containing an arsenic mirror 
to an .apparatus evolving dry H 2 S, and warm the 
mirror gently : it will be converted into yellow As 2 S~. 
Now pass dry HC1 through the tube (without warm- 
ing), and observe that the sulphide remains unaltered. 
(Compare corresponding Sb reactions, 74, 6, c). 

(d) Allow a current of AsH 3 to pass through a solu- 
tion of silver nitrate : a black precipitate of Ag will be 
produced,' and As 2 3 will be found in solution along 
with HNO3 liberated from the AgNO^ Filter from 
the Ag, and very cautiously neutralize the free acid with 
highly diluted (NHJHO, when a yellow precipitate ot 
Ag 3 As0 3 will be formed. (Compare corresponding 
Sb reaction, 74, 7.) 

6. Compounds of arsenic, when treated with Zn and 
strong solution of KHO, are converted into AsH 3 by 
the action of the nascent hydrogen. If this reaction 
be performed in a test tube, and the gas escaping be 
held near a piece of paper moistened with AgN0 3 , a 
bluish black coloration is produced by the formation 
of AsAg 3 . (Sb compounds give no similar reaction.) 

7 (Reinsch's Test). — Add to the solution of arsenic, 
HC1 and a few strips of bright copper wire or foil : As 
is deposited on the copper, which may be removed 
from the solution, dried by filter paper, and heated iij 
a dry test-tube to obtain the octahedral crystals of 

As* * 
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. 8. Dry reactions. 

Place the dry arsenic compound at a (Fig. 1 7), in a 
drawn-out hard glass tube. Then place above it at b a 
small rod of well-ignited charcoal, and heat the portion 
containing the charcoal until it is red hot. This will 




Fig. *r. 



cause the glass to soften, and the tube will bend so as 
to fcring the portion a into the flame. The arsenic 
compound will volatilize and be decomposed by the 
red-hot charcoal, and a metallic mirror will form at c* 
9. Place the dry arsenic compound in a bulb tube 
as at a (Fig. 18), along with a mixture of equal parts 
of dry Na^COg and KCN, and heat the bulb. A mirror 




Fig. 18. 



of As will form at b, which may be further tested by the 
reactions mentioned for the mirror obtained in Marsh's 
test (75, 5, b). If any moisture be deposited on first 
heating the tube, remove it by inserting a small coil of 
filter paper. 

10. The above reaction is more delicate when the 
mixture is heated in a current of dry C0 2 . For this 

* Non-volatile compounds of As must be mixed with dry charcoal 
powder, and heated in a similar tube, having in addition a small bulb at 
the lower end to contain the mixture. 
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purpose, the arsenic compound is pounded in a mortar 
with a perfectly dry mixture of three parts NajCOg 
with one part of KCN, and placed at a in the tube a b 
(Fig. 19), through which a slow current of dry C0 2 is 



a, b 

Fig. 19. 

led, and the whole tube gently heated until every trace 
of moisture is expelled. When this is the case the tube 
is more strongly heated at a, and the mirror is obtained 
at b; traces of arsenic escape condensation, and there- 
fore a slight garlic odour is observed at the extremity 
of the tube. Antimony compounds treated in this 
way yield no metallic mirror. 

11. Arsenic compounds, when mixed with NajCOs 
and heated on charcoal by the How-pipe flame, are 
reduced to metallic arsenic, which at once volatilizes, 
and may be recognized by the characteristic odour 
resembling garlic. 



TABLE E. 

GROUP II. 



76. Separation of Arsenic, Antimony, and Tin 

(Sub-Group B). 

Solution in (NH^Sa contains sulphides of As, Sb, and Sn. Add HC1 
until acid : the metals are re-precipitated as sulphides. Filter, wash 
precipitate with not water till free from HC1 ; digest precipitate with one 
or two pieces of .olid (NH^CO^ and H a O. Filter. 
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Residue. 



8n8 9 i 8b 9 S 



& 



Filtrate. 



'2»3- 



Wash and dissolve in strong boiling 
HC1, dilute with water t and add to 
the solution apiece of zinc and pla- 
tinum : Sb forms a black stain on 
the platinum. Dissolve in HN03, 
boil down to a small bulk, and pass 
HaS through the solution ; orange 
precipitate indicates presence of 
Antimony. The Sn deposits 
on the zinc ; dissolve in HCL boil 
down, and test with HgCl 3 . White 
precipitate indicates Tin. 



Add HC1 until acid; wash pre* 
cjpitated sulphide, and dissolve in 
HC1 and a little KCIO*. boil 
down to a small bulk, and apply 
Marsh's test (76, 5). Metallic 
mirror, yielding octahedral crystals 
on heating, indicates Arsenic. 
Dissolve in H a O, and confirm by 
adding AgN0 3 and dilute (NH 4 ) 
HO, to obtain yellow precipitate 
ofAg3As0 3 (75, sfi). 



Reactions of the Metals of the Iron Group. 

77. Metals whose sulphides and hydrated oxides are 
insoluble in water, and are precipitated on addition of 
the group reagent (NHJ 2 S in presence of (NHJHO 
and NH 4 CL 

Iron, Nickel, Cobalt, Zinc, Aluminium, Manganese, 

and Chromium. 

IRON. Fe, c.w. 56. Ferrous Salts. 

1. (NH^aS produces a black precipitate of FeS, 
insoluble in alkalies, but soluble in HCL In dilute 
solutions of ferrous salts (NH 4 ) 2 S produces at first a 
green colour ; on standing, however, FeS separates as 
a black precipitate. 

2. KHO or (NH^HO produces a white precipitate 
of ferrous hydrate Fe(HO) 2 , which rapidly acquires a 
dirty green, and ultimately a reddish brown colour, 
owing to absorption of oxygen and conversion into 
ferric hydrate Fe 2 (HO) 6 . 

3. Carbonates of the alkalies precipitate FeCO, 

G 
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(white), which rapidly darkens in colour owing to 
absorption of oxygen. 

4. K 4 Fe(CN) e produces a white precipitate ot 
K 2 Fe 2 (CN) 6 , which rapidly becomes blue by oxida- 
tion to Fe 6 (CN) 12 (Prussian blue). It is insoluble in 
acids, but is decomposed by alkalies. 

5. K 8 Fe(CN) 6 produces a blue precipitate of Fe s 
Fe 2 (CN)^ (TurnbulFs blue), also insoluble in acids, but 
decomposed by alkalies. 

6. KCNS produces no coloration. 

7. Ba C0 3 produces no precipitate in cold solutions 
of ferrous salts. 

8. Fused with borax in the oxidizing flame, yellowish 
red beads are produced; in the reducing flame the 
beads become green. (See also 59.) 

Ferric Salts. — i. H 2 S in acid solutions produces a 
precipitate of sulphur, and the salt is reduced to proto- 
salt, thus : Fe^Cl,, + H 2 S = 2 FeC^ + 2 HC1 + S. 

2. (NH 4 ) 2 S produces a black precipitate of FeS mixed 
with sulphur, insoluble in excess of the reagent and in 
alkalies, but soluble in HC1 and in HNOg. In dilute 
solutions of iron only a greenish coloration is produced. 

3. KHO or (NH^HO produces a brownish red preci- 
pitate of Fe 2 (HO) 6 , insoluble in excess of either reagent 

4. K4Fe(CN) 6 produces a precipitate of Fe 6 (CN) 12 
(Prussian blue), insoluble in HC1, soluble in C 2 H 2 4 , 
and decomposed by KHO or NaHO with separation 
of Fe 2 (HO) d . 

5. K 8 Fe(CN) 6 changes the colour of the solution to 
reddish brown, but does not produce a precipitate. 
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6. KCNS produces even in dilute solutions a blood- 
red coloration, due to the formation of a soluble iron 
^ulphocyanide. HC1 does not destroy the coloration, 
but it is destroyed by C 2 H 3 2 Na, HgClg, HgPO^ and 
by QH 6 6 . 

7. BaC0 3 precipitates ferric solutions completely as 
Fe2(HO) 6 mixed with basic salt. 

8. The blow-pipe reactions are the same as for ferrous 
compounds. 

78. Nickel. Ni, c.w. 587. 

1. (NH^gS produces a black precipitate of NiS, 
slightly soluble in excess, forming a brown solution 
from which NiS is precipitated on boiling. The pre- 
cipitate is very difficultly soluble in HC1, but dissolves 
in HNO3 and in aqua regia. 

2. NaHO or KHO produces a light green precipitate 
of Ni(HO) 2 insoluble in excess of the reagent, and 
unalterable in air. 

3. (NH4) HO produces also a precipitate of Ni(HO) 2 , 
readily soluble in excess, yielding a blue fluid, which 
is re-precipitated by KHO or NaHO. Acid solutions, 
or those containing salts of ammonia, yield no precipi- 
tate with (NH^HO. 

4. KCN produces a yellowish green precipitate of 
Ni(CN)j, soluble in excess to a brownish yellow solu- 
tion of 2 KCN, Ni(CN)2. This solution is re-precipi- 
tated by addition of dilute HC1 or HjSOj, and, if boiled 
with a strong solution of NaCIO, yields a black preci- 
pitate of Ni,(HO) e . 

G 2 
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5. KNOj, in presence of C s H 4 & produces no preci- 
pitate. 

6. Fused with borax in the oxidizing blow-pipe flame, 
yields reddish yellow beads when hot, which become 
paler on cooling. In the reducing flame the bead 
becomes grey by the presence of metallic nickeL (See 
also 59.) 

79. Cobalt. Co, c.w. 587. 

1. (NH 4 )jS produces a black precipitate of CoS, 
insoluble in excess of the reagent and in HC1, but 
soluble in aqua regia. 

2. KHO or NaHO precipitates blue basic salts, which 
turn green on exposure to air by oxidation. On heating 
&e precipitate is converted into red hydrate Co(HO) 2 , 
which is soluble in(NH4) s C0 8 to a reddish violet solution. 

3. (NH^HO produces the same precipitate as KHOj 
soluble in excess, yielding a reddish brown fluid, which 
is re-precipitated by KHO or NaHO. Acid solutions, 
or those containing salts of ammonia, are not preci- 
pitated. 

4. KCN produces a light brown precipitate of Co 
(CNJa, soluble in excess of the reagent by formation ot 
2KCN, Co(CN) 2 . This solution is re-precipitated by 
the addition of HC1 or H 2 S0 4 . (If the cobalt solution 
to which KCN is added be acid, a precipitate is pro- 
duced, soluble in excess of the reagent. When this 
solutionis boiled, potassium cobalti-cyanide K 3 Co(CN) 6 
is formed which is not re-precipitated by HC1 or H a S04, 
nor by NaClO.) 
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5. KNO2, added to cobalt solutions with addition of 
acetic acid, produces on standing in a warm place a 
yellow crystalline precipitate (double nitrite of potas- 
sium and cobalt). 

6. Fused with borax in either blow-pipe flame, yields 
deep blue beads, which are almost black if the quantity 
of Co be large. (See also 59.) 

80. Zinc. Zn, c.w. 65*2. 

1. (NH 4 ) 2 S produces a white precipitate of ZnS, 
insoluble in excess of the reagent and in KHO, but 
soluble in the mineral acids. 

2. KHO or NaHO produces a white precipitate of 
Zn(HO) 2 , soluble in excess of either reagent and in 
(NH^HO. This solution is re-precipitated by diluting 
and boiling, but is not precipitated by addition of 
NH 4 C1. 

3. NajCOs produces a white precipitate of basic 
carbonate, insoluble in excess of the reagent. 

4. (NH^COg also precipitates the basic carbonate, 
but it is soluble in excess of the reagent. 

5. Heated on charcoal with Na2C0 8 in the reducing 
blow-pipe flame, a yellow incrustation of ZnO is 
obtained, which becomes white when cold. 

6. Heated on charcoal by the blow-pipe flame after 
moistening with CoCl 2 solution, an infusible green 
mass is obtained. (See also 59.) 

81. Aluminium. Al, c.w. 27*3. 
1. (NH^jS produces a white flocculent precipitate 
of Al a (HO) 6 . 
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2. KHO or NaHO produces also a precipitate of 
Ala(HO) 6 , soluble in acids, even in hot acetic acid and 
in excess of the reagent. This solution is not precipi- 
tated by H 2 S, but is re-precipitated by NH 4 C1, or by 
adding (NH JHO after acidifying with HCL 

3. (NHJHO also precipitates A1 8 (HO)g, soluble in a 
very large excess of the reagent, more difficultly soluble 
in presence of salts of ammonia. 

4. BaC0 3 produces a precipitate of Al^HO^ mixed 
with basic salt 

5. NajHP0 4 precipitates aluminium phosphate, in- 
soluble in (NH^HO and in NH 4 C1, but soluble in KHO 
or NaHO, and in acids. It does not, however, dis- 
solve in hot acetic acid like aluminium hydrate. 

6. Heated on charcoal in the blow-pipe flame, then 
moistened with CoClj, and re-heated, an infusible blue 
mass is obtained. 



t. Manganese. Mn, cw. 55. 

1. (NHJjS produces a flesh-coloured precipitate of 
MnS, soluble in acids, even in acetic acid. 

2. KHO or NaHO produces a dirty-white precipi- 
tate of Mn(HO)j, insoluble in excess of the reagent ; 
the precipitate rapidly darkens in colour by absorption 
of oxygen. The freshly-precipitated hydrate is dis- 
solved by NH4CI, but the higher oxide is insoluble. 

3. (NH 4 )HO produces the same precipitate of 
Mn(HO)a, insoluble in excess of the reagent ; but it 
gives no precipitate if the manganese solution contain 
NH 4 CL Such a solution on standing precipitates the 
dark brown hydrate. 
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4. Ns^COs produces a white precipitate of MnCOg, 
which darkens in colour by absorption of oxygen. 

5. If any manganese solution (free from chlorine) be 
treated with Pb0 2 and then boiled with HNO3, it is 
converted into permanganate, which is recognized by 
its pink colour as soon as the mixture has settled. 

6. If any manganese compound be fused on platinum 
foil with NajC0 3 an< i a trace of KN0 3 , it is converted 
into NajMnOj, recognized by its bright green colour. 

7. Fused with borax in the oxidizing flame, an ame- 
thyst-coloured bead is obtained, which becomes colour- 
less in the reducing flame. 

83. Chromium. Cr, c.w. 52*1. 

1. (NH^S produces a bluish green precipitate of 
Cr a (HO) 6 , insoluble in excess of the reagent 

2. (NH^HO also precipitates the hydrate, soluble 
to some extent in excess, yielding a pink fluid, but on 
heating the precipitation is complete. 

3. KHO or NaHO precipitates also Crj(HO) 6 , soluble 
however in excess, yielding a green or bluish violet 
solution. On continued boiling or addition of NH 4 C1 
and heating, the hydrate is re-precipitated. 

4. BaCO s produces a precipitate of Cr 2 (HO) fl along 
with basic salt ; the precipitation is not complete till 
the mixture has stood some time. 

5. Fused with N^COs and KN0 3 on platinum foil, 
yellow NajCr0 4 is obtained. 

6. Fused with borax in either flame (but best in the 
reducing flame), green beads are obtained. 



METHOD I. Cr is Absent. 

Boil down with a little KC1 O3 till it smells of CI. Add 
pure NaHO till strongly alkaline. Filter. 
Residue. I Filtrate. 



TABLE 

84. IRON GROUP*(III.).-Separationof Iron, Nickel, 

To the filtrate from the sulphides of the Cu and As groups add (NH4) HO 

and shake for some time. Filter (preferably by the Bunsen pump). Wasl 

the precipitate with cold 
Residue. 

NiS and COS. 

Test for Co by 
borax bead. Dis- 
solve the black 
residue in H CI 
and K CI O3. 
Boil down just 
to dryness, di- 
lute with H a O, 
add KCN in ex- 
cess, then a drop 
of acetic acid, 
boil for a few 
minutes, add 
NaCIO in excess, 
and boil again. 
A black preci- 
pitate indicates 
Nickel. The 
filtrate from this 
precipitate may 
be tested for Co 
by evaporating 
to dryness, and 
fusing in a borax 
bead. Blue co- 
lour indicates 
Cobalt. 



Fe^O) 6 ,Mn(HOXr 
Wash with hot H fl O, dissolve in HC1, 
add (NH 4 )HO, and alter. 
Residue. I Filtrate. 



Pe a (kofc. 

Dissolve in 
HC1. Test with 
K 4 Fe(CN) 6 .Blue 
precipitate indi- 
cates Iron. To 
ascertainwhether 
the iron is pre- 
sent as ferrous or 
ferric salt, the 
original solution 
must be tested 
withK4Fe(CN) 6 , 
andKaFeCCNfe. 



1 

Mn, 

Boil down and 
ignite, to expel 
salts of ammo- 
nium. Fuse 
with NaHO and 
KNO3. A green 
residue indicates 
Manganese. 
Traces of-Ni and 
Co are found 
along with the 
Mn. 



Al, Zn» 

Divide into 
two parts. 

1. Add H 2 S 
or(NH 4 ) 3 S. A 
white precipitate 
indicates Zinc. 
Confirm by 

flame-reaction. 

a. Add HC1 
till acid, then 
(NH4)HO till al- 
kaline. A white 
precipitate indi- 
cates Alumi- 
nium. Confirm 
by flame re- 
action. 



* For the separation of the metals of this group in presence of Fhospbork 
\cid, &c see Table L in the Appendix. 



F. 



Cobalt, Aluminium, Zinc, Manganese, and Chromium. 

(till alkaline) + NH 4 C1 + (NH 4 ) 3 S. Warm the mixture gently in a small flask 

well with H a O, containing (NH4) a S, and finally once with H-0 alone. Treat 

dilute HC1, and filter. 

Filtrate. 

Cr, Al, Fe, Zn, and Mn. 
(Green or violet if Cr be present Boil down a portion and test for Cr by 
borax bead. Adopt Method I. if absent, Method II. if present) 



METHOD II. Cr is Present. 

Boil down with a little KCIO3 till it smells of CI. Add NaaC0 3 or NaHO 
till just neutral or slightly acid ; allow to become perfectly cold. Add excess of 
SaCC>3, place in a flask, cork up and shake well, allow to stand till clear. Filter. 
Residue. i Filtrate. 



I 
Fe 3 (HO>6, Cr 3 (HO)6, Al a (HO) 6 (also excess of BaCOa). 

Wash well, boil with pure NaHO, and filter; add 

HO to the filtrate, and then (NH 4 ) HO till alkaline. A 

white precipitate indicates Aluminium. Confirm by 

flame-reaction. Fuse the residue insoluble in NaHO with a 

mixture of NaaCOsand KNO3, extract with water, and filter. 

Residue. I Filtrate, 



Dissolve in H CI, and test 
with K^FeCCNfe. A blue pre- 
cipitate indicates Iron. 



dr. 

Yellow in colour. Acidify 
with acetic acid ; add lead 
acetate. A bright yellow pre- 
cipitate indicates Chro- 
mium. 



1 

Zn, Mn. 

Precipitate the 
Ba present with 
H a S04inthehot 
solution. Boil 
well, and filter ; 
addNaHO. Pre- 
cipitate indicates 
Manganese. 
Confirm by fus- 
ingwith NaaC03 
and KNO3 on 
platinum foiL To 
the filtrate from 
the Mn (HO), 
addCNH^S. A 
white precipitate 
indicates Zine. 
Confirm by 
flame-reaction. 
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Reactions of the Metals of the Barium Group. 

85. Metals whose carbonates are insoluble in water, 
and whose solutions are precipitated on the addition of 
(NH4) 2 C0 3 : as, however, the carbonates are soluble in 
acids, the solution, if acid, must be neutralized by 
addition of (NHJHO. 

Barium, Strontium, Calcium. 

Barium. Ba, c.w. 137. 

1. (NH 4 ) 2 C0 3 produces a white precipitate of BaCOg, 
soluble in acids, and to a slight extent in NH 4 C1. 

2. K2CO3 or Na2C0 3 produces also a precipitate of 
BaCOg, insoluble in excess of either reagent. 

3. H 2 S0 4 or any soluble sulphate produces, even in 
dilute solutions, a heavy white precipitate of BaSO*, 
insoluble in acids, alkalies, or salts of ammonium. 

4. CaS0 4 or SrS0 4 produces an immediate white 
precipitate of BaS0 4 . 

5. H 2 SiF 6 produces a white precipitate of BaSiF 6 . 

6. C 2 (NH 4 ) 2 4 produces a white precipitate of 
QBaOfc soluble in HC1 and in HNOg. 

7. K 2 Cr0 4 produces a yellow precipitate of BaCrO^ 
insoluble in C 2 H 4 2 , but soluble in HC1 and HNOg. 

8. Heated in the lamp flame a green coloration is 
produced, especially on moistening the salt with HCL 

86. Strontium. Sr, c.w. 87-5. 

1. (NH^aCOg or KaCOg precipitates white SrCOg, 
soluble in acids, but less soluble in NH 4 C1 than BaCOg. 
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2. H 2 S0 4 produces a white precipitate of SrSO^ 
which is much less insoluble in H 2 than BaSO^ and 
it therefore precipitates from dilute solutions only on 
standing or warming. SrS0 4 is slightly soluble in HCL 

3. CaS0 4 produces, after standing some time, a 
white precipitate of SrS0 4 . 

4. H 2 SiF fl does not precipitate strontium solutions. 

5. C 2 (NH 4 ) 2 4 produces a white precipitate of 
CjSrOfc soluble in HC1 and in HN0 3 , also to a slight 
extent in NH 4 C1, but very sparingly in Q^O* 

6. KjCrO^i produces, only in concentrated solutions, 
a yellow precipitate of SrCrO^ soluble in CjP^O* 

7. Heated in the lamp flame a crimson coloration is 
produced, especially on moistening the salt with HCL 

87. Calcium. Ca, c.w. 40. 

1. (NH^COg or K 2 C0 3 produces a white precipitate 
of CaCOs, which becomes crystalline on heating. 

2. HjS0 4 precipitates from strong solutions of cal- 
cium salts CaSQ^ as a white precipitate, which dis- 
solves in a large excess of water, and also in acids. 

3. CaS0 4 produces no precipitate. 

4. H 2 SiF 6 produces no precipitate. 

5. C 2 (NH 4 ) 2 4 produces, even in dilute solutions, a 
white precipitate of CjCaO^ soluble in HC1 or HNO3, 
but insoluble in C 2 H 2 4 or in CjH^^ 

6. Heated in the lamp flame, a dull red coloration is 
produced, especially on moistening the salt with HCL 
This reaction is imperceptible in presence of Ba or Sr 
salts. 



TABLE 

88.— CALCIUM GROUP (IV.). 

Separation of Barium, 

Heat filtrate from iron group, add to the hot solution NH4Q and 
and add CaSC>4 solution. An immediate precipitate indicates Barium J 
solution. (Test another portion with Sr SO4 for Ba.) To another portion of 
Neutralise filtrate with (NH 4 )HO, and add C 3 (NH 4 ) 2 4 . An immediate 



I. Ba Present. Ca Absent. 

Dissolve the carbonate in HC1, and evaporate to 

dryness. Treat the residue with strong alcohol. 

Filter. 

Residue. i Filtrate. 

k 

Confirm by lighting 
the alcoholic solution. 
Crimson coloration in- 
dicates Strontium. 



Bail,. 

Confirm by flame test. 
Green coloration indi- 
cates Barium. 



TO TEST FOR 

II. Ba Absent. 

Dissolve as before, and 
Filter, and 
Residue. 



SrSoZ 

If small, burn the fil- 
ter in the reducing gas 
flame to convert SrSO* 
into SrS: moisten with 
HC1, and test in the 
lamp-flame. Crimson 
coloration indicates 
Strontium. 



ANOTHER 

Dissolve in HNO3, 
ness. Treat with strong 
Residue. 



Sr(l{< 



fo 3 ) 9 . 

Confirm as above. 



G. 

Strontium, and Calcium. 

(NHOaCO-j, and filter. Wash precipitate with hot H a O, dissolve in HC1, 
a precipitate after some time indicates Strontium, or a dilute Barium 
the solution in HC1 add H 3 S0^ and boil to remove Ba and Sr. Filter, 
precipitate indicates Calcium. 



STRONTIUM. 

Ca Present. 

precipitate with H a S04- 
wash well 

Filtrate. 

Ca. 

Neutralize the solution 
with (NH^HO, and 
test with CaCNH^O* 
White precipitate indi- 
cates Calcium. 



METHOD. 

and evaporate to dry- 
alcohol. Filter. 
Filtrate. 



Ca. 

Confirm as above. 



III. Ba and Ca Present. 

Add HaS0 4 to the HC1 solution (diluted to prevent 
precipitation of Calcium), and filter. 
Residue. >. Filtrate. 



Neutralize the solution 
with (NM 4 )HO, and 
test with C 2 (NH4) 2 04 
White precipitate indi- 
cates Calcium. 



Ba SO4, Sr SO4. 

Boil in a beaker 
with a little water, 
together with a mix- 
ture of three parts 
K a SC>4 and one part 
K a C0 3 . Filter, and 
treat residue with 
HNO3. The SrS0 4 
is dissolved, and the 
BaSC^left undissolved. 
(Traces of Ca may be 
found with the Sr.) 



ANOTHER METHOD. 

Dissolve the carbonates in C^^O^ and pre- 
cipitate the Ba with K^CrC^. Filter. Precipi- 
tate the Sr and Ca by (NH4) a C03, and proceed 
as in Method II. (Ba Absent, Ca Present). 
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Reactions of the Metals of the Potassium Group. 

89. Metals whose solutions are unprecipitated by 
the preceding group reagents, but which have no 
common precipitant, and are therefore recognized by 
individual tests. 

Magnesium, Potassium, Ammonium, Sodium. 

Magnesium. Mg, c.w. 24. 

1. NagHPC^ produces, in presence of (NH 4 )HO and 
NH 4 C1, a crystalline white precipitate of MgNK^PO* 
From dilute solutions the precipitation is slow, but may 
be hastened by stirring with a glass rod. The precipi- 
tate is soluble in dilute mineral acids and in CgH^Oj, 
but is almost insoluble in dilute solution of (NH 4 )HO. 

2. (NH 4 )HO in neutral solutions produces a partial 
precipitation of the hydrate Mg(HO) 2 , but gives no 
precipitate in presence of NH 4 C1, in which the hydrate 
is readily soluble. 

3. H 2 S0 4 , H 2 SiF 6 , and C^NH^gC^ yield no preci- 
pitates. 

4. Heated on charcoal in the blow-pipe flame, then 
moistened with CoCl 2 and re-heated, a pink mass is 
obtained. 

00. Potassium. K, c.w. 39*1. 

1. PtCl 4 produces a crystalline yellow precipitate 
of 2 KC1 + PtClfc except in dilute solutions, which are 
not precipitated. The precipitation is promoted by 
stirring, or by addition of alcohol. 

2 Tartaric acid precipitates white crystalline hydro- 
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gen potassium tartrate from strong and neutral solu- 
tions. The precipitation is promoted by stirring. 

3. H 2 SiF 6 produces a white gelatinous precipitate of 
KgSiFg. 

4. Heated on platinum wire in the non-luminous flame 
a violet coloration is produced, which when viewed 
through a piece of blue glass appears reddish violet 

91. Ammonium. NH^ c.w. 18. 

1. PtCl 4 produces, a crystalline yellow precipitate of 
2 NH4CI + PtClfc except in dilute solutions, which are 
not precipitated. The precipitate is insoluble in alcohol 
and ether, and when ignited leaves a residue of spongy 
platinum. 

2. Tartaric acid produces, in strong solutions, a white 
precipitate of hydrogen ammonium tartrate, similar in 
appearance to the corresponding potassium salt. 

3. Nessler's solution, added to ammonia or its salts, 
produces a yellow coloration, or, if the ammonia com- 
pound be present in large quantity, a brown precipitate. 

4. NaHo or KHO solution when warmed with am- 
monia salts decomposes them, and NH 3 is evolved, 
which is recognized by its pungent odour, by its turning 
red litmus paper blue, and by its forming white fumes 
with a strong solution of any volatile acid, e.g. HC1. 

5. Heated on platinum foil, all compounds of am- 
monia volatilize completely. 

9a. Sodium. Na, c.w. 23. 

The soda salts are almost without exception soluble 
in water, so that the flame test alone serves to distin- 
guish the salts of this metaL 
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i. Heated on platinum foil or wire in the non« 
luminous lamp flame, an intense yellow colour is 
produced, which, however, is not seen when viewed 
through blue glass. It is thus possible to distin- 
guish potassium salts when mixed with sodium salts. 



TABLE H. 
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GROUP V. 

Separation of Magnesium, Potassium, Sodium, 
and Ammonium. 



The filtrate from the Barium Group is concentrated by evaporation, 
and a portion ignited on platinum foil. If no residue is left on igni- 
tion, Mg, K, and Na are absent. 



Detection of 
NH 4 . 

The original 
substance or so- 
lution is heated 
with Na HO in a 
test tube. Pre- 
sence of Am- 
moniuxnshown 
by smell, by the 
white fumes with 
HC1, and by its 
action on red 
litmus paper. 



Detection 
of Mg. 

To a portion 
of the concentra- 
ted cold solution 
add (NHi) HO 
and NaaHPO* 
White crystalline 
precipitate de- 
notes Magne- 
sium, 



To detect Na. 

Evaporate alcoholic solution 
(which must have a yellow colour, 
showing that excess of Pt CI4 has 
been added) nearly to dryness, add 
a grain or two of sugar, and ignite 
residue. Exhaust with water, fil- 
ter, evaporate to dryness ; and if a 
residue be left, test it by flame re- 
action for Na. Yellow coloration 
indicates Sodium. 



Detection of K and Na. 



(i.)Mg. being 
absent. 

Evaporate an- 
other portion of 
the solution to 
dryness, ignite 
residue, dissolve 
in a small quan- 
tity of water, fil- 
ter if required, 
and add to the 
clear UquidPtCU, 
evaporate nearly 
to dryness, and 
add alcohol. Yel- 
low precipitate 
indicates Po- 
tassium. 



(a.) Mg. being 
present. 

Evaporate the 
solution to dry- 
ness, ignite resi- 
due, dissolve in 
water, and add 
baryta water un- 
til the solution 
has an alkaline 
reaction; boil; fil- 
ter. To filtrate, 
add (NH 4 ) a C03, 
heat, filter, eva- 
porate to dryness, 
and test the resi- 
due for K and 
Na, 
As Sub. (L) 



PART IV. 

REACTIONS OF THE ACIDS. 

94. Grouping of the Acids. 

The acids do not admit of being grouped with the 
same precision as the bases, but they can be approxi- 
mately classified by means of certain group reagents. 
They are divided into two great classes, Inorganic 
and Organic Acids. These are readily distinguished 
by the action of heat. 

Salts of Inorganic Acids when heated to redness 
are not charred; salts of Organic Acids are at once 
charred, owing to decomposition and consequent sepa- 
ration of carbon.* 

95. Grouping of the Inorganic Acids. 

Group I. (Sulphuric Acid Group). 

Group reagent, BaCLj in presence of HC1. 
Sulphuric Acid, Hydroflno-silicic Acid. 

The acids of this group are precipitated by BaCl,, 
and the precipitate is not dissolved on addition of HC1. 

* With th« exception of acetic and formic acids. (See 188 and 189.) 

H 
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Group II. (Phosphoric Acid Group). 
Group reagent, BaClj. 

Phosphoric, Boric, Oxalic, Hydrofluoric, Carbonic, 
Silicic, Sulphurous, Hyposulphurous, Arsenious, 
Arsenic, Iodic, and Chromic Acids* 

The acids of this group are precipitated in neutral 
solutions by BaCl^ 

Group III. (Hydrochloric Acid Group). 

Group reagent, AgN0 3 . 

Hydrochloric, Hydrobromic, Hydriodic, Hydro- 
cyanic, Hypochlorous, Nitrous, and Hydroaulphuric 
Acids. 

The acids of this group are precipitated by AgNOs, 
and not by BaCl 2 . 

Group IV. (Nitric Acid Group). 

Nitric, Chloric, and Perchloric Acids. 

These acids are not precipitated by any reagent, as 
all their salts are soluble in water. 
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Reactions of the Inorganic Acids belonging to Group L 

96. Acids precipitated by BaCl 2 in presence of HCL 

Sulphuric Acid, Hydrofluo-silicic Acid. 

Sulphuric Acid. H 2 S04, c.w. 98. 

1. BaCla produces a white precipitate of BaS0 4 . 
insoluble in HC1 or HN0 3 . In very dilute solutions 
the precipitation is not immediate, but on standing 
the solution becomes clouded, and ultimately the pre- 
cipitate subsides. 

2. Pb(NOg) s produces a heavy white precipitate of 
PbSOfc soluble in NaHO, and in boiling HC1 (on 
allowing this solution to cool, PbCl 2 crystallizes out). 

3. Fused on charcoal with NagCOs in the reducing 
flame of the blow-pipe, a sulphide is produced. If the 
fused mass be moistened with HC1, the odour of H 2 S 
is at once perceptible ; or if it be placed on a bright 
piece of silver and moistened with water, a black 
stain of Ag 2 S is produced. As the latter reaction is 
very delicate, care must be taken to use NajCOs per- 
fectly free from Na 2 S04, and it must be borne in mind 
that other sulphur acids give the same reaction when 
heated with NajCOj. 

07. Hydrofluo-silicic Acid. H 2 SiF 6 , c.*r. 144. 
1. BaCl 2 produces a crystalline precipitate of BaSi F^ 
insoluble in HCL 

H 2 
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2. KC1 produces a gelatinous precipitate of K^ir* 

3. Heated with sulphuric acid in a platinum or 
leaden crucible covered with a watch-glass, the latter is 
etched owing to the disengagement of HF. 

Reactions of the Adds belonging: to Group II. 

98. Acids precipitated by BaCl 2 in neutral solutions. 

Phosphoric, Boric, Oxalic, Hydrofluoric, Carbonic, 
Silicic, Sulphurous, Hyposulphurous, Arsenious, 
Arsenic. Iodic, and Chromic Acids* 

Phosphoric Acid. H.PO4, c.w. 98. (Ortho-phos- 
phoric Acid.) 

1. BaCl 2 produces a white precipitate of BaHP0 4 , 
readily soluble in HN0 3 or HC1, but with difficulty in 
NH4CI. 

2. MgSO*, dong with (NH^HO and NH 4 C1, pro- 
duces a wh'te crystalline precipitate of Mg(NH 4 )P0 4 + 
6H 2 0,insohible in (NH 4 )HO,but soluble in HO, HNO» 
and acetic acid. In dilute solutions the precipitation 
does not take place till after the lapse of some time, 
but is promoted by stirring and gentle warming. 

3. AgN0 3 produces a yellow precipitate of Ag 3 P0 4 , 
soluble in HNO3, and also in (NH 4 )HO. 

4. Lead acetate produces a white precipitate of 
Pb 3 (P0 4 ) 2 , soluble in HN0 3 , but almost insoluble in 
acetic acid. 

5. FejClfl, in presence of excess of sodium acetate, 
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produces a yellowish precipitate of FeP0 4 , soluble in 
HC1, and in excess of Fe 2 Cl 6 , which ought therefore to 
be added drop by drop* 

6. Ammonium molybdate produces in solutions made 
acid with HN0 3 a yellow coloration and ultimately a 
precipitate. The reaction is hastened by warming the 
mixture. 

The following acids of phosphorus are distinguished 
from each other and from ortho-phosphoric acid by the 
following reactions : — 

Pyrophosphoric Acid. H 4 P 2 7 , c.w. 178. 

1. AgN0 3 produces a white precipitate of Ag 4 P 2 / , 
soluble in HNOg, and in (NH^HO. 

2. Albumen gives no precipitate. 
Metaphosphoric Acid. HP0 3 , c.w. 80. 

1. AgN0 3 produces a white gelatinous precipitate 

of AgPOg. 

2. Albumen produces a flocculent white precipitate 
when added to metaphosphoric acid, and the same 
precipitate when added to a solution of a metaphos- 
phate acidified with acetic acid. 

3. MgS0 4 + NH 4 C1 + (NH 4 )HO produces no pre- 
cipitate. 

* If the test be applied to an add solution of a phosphate insoluble in 
water (e.e. CaWPO^in HC1), the free acid is first nearly neutralized 
with (NH4)HO, sodium acetate next added, and then Pe-Cl^ ; after this 
the mixture is boiled. The precipitate, which is of a reddish brown colour, 
contains all the iron and phosphoric acid ; the filtrate contains the base. 
The phosphoric acid can easily be separated from the iron, and obtained 
a« a soluble ammonium salt by treating the ferric phosphate with 
lNH 4 ) a S. 
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99. Boric Acid. B(HO) 3 , c.w. 62. 

1. BaC^ produces a white precipitate of BafBO^j 
soluble in acids. 

2. AgN0 3 produces in strong solutions a yellowish 
white precipitate. In dilute solutions Ag 2 is precipi- 
tated. 

3. H 2 S0 4 or HC1, added to hot concentrated solu- 
tions of alkaline borates, produces on cooling a crys- 
talline precipitate of B(HO) 3 . 

4. If alcohol containing free boric acid be kindled, 
it burns with a green flame, best seen on stirring the 
mixture. Borates may be examined in this way by 
first adding strong H 2 S0 4 , to liberate the B(HO) 3 . 

5. If the solution of a borate be made distinctly acid 
with HC1, and turmeric paper dipped into it, the latter 
on gentle warming acquires a brown tint, which is 
turned blue by caustic soda. 

100. Oxalic Acid. C 2 H 2 4 , c.w. 90. 

1. BaCl 2 produces in neutral solutions a white pre- 
cipitate of C 2 4 Ba, soluble in HN0 3 , in HC1, and in 
C 2 H 2 4 . 

2. AgN0 3 produces a white precipitate of C 2 4 Ag 2 , 
soluble in HNOg, and in (NH^HO. 

3. CaCl 2 produces even in dilute solutions a white 
precipitate of C 2 4 Ca, soluble in HNOg, and in HC1, 
but nearly insoluble in (NH^HO, and in acetic acid. 
On igniting C 2 4 Ca, a white residue of CaC0 3 is left, 
which effervesces on the addition of an acid. 

4. Heated with strong HgSO^. effervescence takes 
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place from the escape of a mixture of CO and C0 2 , 
and the former may be kindled at the mouth of the 
test tube, and will burn with a pale blue flame. No 
blackening of the mixture occurs as in the case ot 
organic acids, which yield CO on heating with H 2 S0 4 . 

101. Hydrofluoric Acid. HF, c.w. 20. 

1. BaClj produces a white precipitate of BaFg, solu- 
ble in HC1, and sparingly in NH 4 C1. 

2. CaCl a produces a gelatinous and almost trans- 
parent precipitate of CaFj, difficult to discern in the 
fluid, but made more apparent on addition of (NH 4 )HO. 
The precipitate is very difficultly soluble in HC1, even 
on boiling, and is nearly insoluble in acetic acid. 

3. Heated with HgSO^ all fluorides are decomposed 
with evolution of HF, which is recognized by its power 
of etching glass. (See 4.7.) 

This is best done by placing the fluoride in a plati- 
num crucible, or small leaden cup, along with strong 
HjSOfc and covering the mouth with a waxed watch- 
glass, convex side downwards, on which a few scratches 
have been made with a needle. The concave side of 
the watch-glass is filled with water to prevent the wax 
on the other side from melting, and the crucible or cup 
is then gently heated. On removing the glass and 
melting off the wax by gentle warming, the glass will 
be found etched at the unprotected parts.* 

* If the fluoride contain much silicia, S1F4 is evolved instead of HF, 
and is detected by heating the substance with H a SO« in a test tube, and 
leading the evolved gas into water. Silica will separate out in flocculent 
tufts, and H 3 SiF 6 will be found in solution. 
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4. Heated with a mixture of borax and HKSO4, on 
a loop of platinum wire in the non-luminous gas flame, 
BF 3 is produced, which momentarily colours the flame 
green. 

102. Carbonic Acid. H 2 C0 3 or H 2 -J-COg. 

1. BaClj produces in neutral solutions a white, preci- 
pitate of BaCOa, soluble in acids with effervescence. 

2. Treated with dilute* H CI, all carbonates at once 
evolve C0 2 with effervescence, and if this gas be con- 
ducted into lime-water it produces a turbidity from 
formation of CaCOji (The experiment may be conve- 
niently performed by placing the carbonate and dilute 
acid in one test tube and the lime-water in another. 
As soon as the C0 2 has collected, it may be decanted 
into the lime-water tube — care being taken to pre- 
vent any liquid from being decanted with it — and on 
shaking the latter the lime-water will become turbid.) 

103. Silicic Acid. Si(HO) 4 , c.w. 96. 

1. BaCl 2 produces a white precipitate of SiBa^0 4 , 
which is decomposed on addition of HO, and Si(HO; 4 
separates out as a gelatinous precipitate. 

2. HC1, added drop by drop to a strong solution of 
a silicate, produces a gelatinous precipitate of Si(HO) 4 , 
but if added to a dilute solution or in large excess, no 
precipitate is obtained until the mixture has been eva- 
porated to dryness and ignited, when SiO a separates 
out, and this is not re-dissolved on addition of HC1. 

3. Fused with Na 2 C0 8 in a loop of platinum wire in 
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the non-luminous gas flame, effervescence occurs from 
the disengagement of C0 2 , and the bead is trans- 
parent on cooling, unless the NajC0 3 be in excess. 

4. Fused with microcosmic salt on a loop of platinum 
wire in the non-luminous gas flame, solution does not 
take place, but the silica floats about on the bead 
undissolved. 

104. The remaining six acids of this group are preci- 
pitated or decomposed by one or other of the group 
reagents for doses, and are therefore precipitated in the 
course of examination for bases, or expelled on the 
addition of HCL The action of the base group- 
reagents is as follows : — 

H 2 S0 3 decomposed by HO, with evolution of 

SO* 
H 2 S 2 3 decomposed by HC1, with evolution of 

S0 2 and separation of S. 
HgAsOg precipitated by H 2 S as As 2 S 8 (yellow). 
HgAsC^ „ „ „ „ 

HI0 3 decomposed by H 2 S, with formation of 

an iodide and separation of S. 

H 2 Cr0 4 precipitated by (NH^jS as Cr 2 (HO) 6 . 

The following are additional tests for these acids : — 

105. Sulphurous Acid. H 2 S0 3 , cw. 82. 

1. BaCl 2 produces a white precipitate of BaSO^, 
soluble in HCL This solution, on addition of chlorine 
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water, yields a white precipitate of BaSO^ the sulphite 
being oxidized to sulphate. 

2. AgN0 8 produces a white precipitate of AgjSOg, 
which darkens on heating, from precipitation of Ag. 

3. Added to a mixture of zinc and HC1, H 2 S is pro- 
duced and recognized by its smell and blackening 
action on paper moistened with solution of a lead salt. 

4. H a S decomposes free H 2 S0 3 with separation of 
sulphur. 

106. THIOSULPHURIC (formerly called Hyposul- 
phurous) Acid. H 2 S 2 0a, cw. i 14. 

1. BaCl 2 produces a white precipitate of BaS 2 3 , 
soluble in HC1, with formation of sulphur as a yellow 
precipitate. # 

2. HC1 or H 2 S0 4 produces no immediate preci- 
pitate, but on standing a snort time sulphur is pre- 
cipitated (yellow), and simultaneously S0 2 is evolved. 

3. AgN0 3 produces a white precipitate of Ag 2 S 8 3 , 
which ropidly darkens in colour and becomes ulti- 
mately black from formation of Ag 2 S. These changes 
are hastened by heat 

4. Fe 2 Cle produces a reddish coloration, but on 
heating it is decolorized, the ferric being reduced to 
ferrous chloride. 

107. Arsenious Acid. HgAs0 3 , cw 126. 

1. AgN0 3 produces in neutral solutions a yellow 
precipitate of AggAsO„ soluble in (NH^HO. If no 
precipitate appear at first owing to the solution not 
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being neutral, add a few drops of a very dilute solu- 
tion of (NH 4 )HO until it appears. (See 75, 2.) 

2. MgS0 4 + NH 4 C1 + (NHJHO produce no pre- 
cipitate. 

(See also reactions for Arsenic, 75.) 

108. Arsenic Acid. HgAs0 4 , cw. 142. 

1. AgN0 3 produces in neutral solutions a light 
brown precipitate of Ag 3 As0 4 . If necessary, add very 
dilute ammonia, as in the preceding case. 

2. MgS0 4 + NH 4 C1 + (NH 4 )HO produce a white 
precipitate of MgNH 4 As0 4 . 

(See also reactions for Arsenic, 75.) 

109. Iodic Acid. HI0 3 , cw. 176. 

1. BaCl 2 produces a white precipitate of Ba(IO|) 2 , 
soluble in HNO3. 

2. AgN0 3 produces a white crystalline precipitate 
of AglOs, readily soluble in (NHJHO, but sparingly 
soluble in HN0 3 . 

3. S0 2 produces at first a precipitate of I, which 
is converted into HI on addition of excess of the 
re-agent. 

4. On heating, iodates are decomposed, oxygen 
being evolved, and in some cases iodine is also given 
off in violet vapours. 

110. Chromic Acid. HjCrO^ cw. 118*2. 

1. BaCl 2 produces a yellow precipitate of BaCr0 4 , 
soluble in HCl and HN0 3 , but insoluble in acetic acid. 
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2. H 2 S in presence of HC1 reduces the solution to 
Cr 2 Cl 6 (green), with separation of S. In neutral solu- 
tions, Cr 8 (HO) 6 is precipitated along with S. 

3. SOj reduces solutions of chromates to the chromic 
salt, the colour of which is green. Chromates are 
likewise reduced by zinc and a dilute acid, by oxalic 
acid and dilute sulphuric acid, by strong HgSO^ by 
strong HC1, and by boiling the solution acidified with 
HC1 or H 2 S0 4 along with alcohol. 

4. AgN0 3 produces a dark red precipitate of 
Ag 2 Cr0 4 , soluble in HN0 3 and in (NH^HO. 

5. Lead acetate produces a bright yellow precipitate 
of PbCrOfc soluble in NaHO, but soluble with diffi- 
culty in dilute HN0 3 . 

(See also reactions for Chromium, 83.) 



Reactions of the Acids belonging to Group III. 

ill. Acids precipitated by AgNOj, and not by 
BaCla. 



Hydrochloric, Hydrobromic,Hydriodlc, Hydrocyanic, 
Hypochlorous, Nitrons, and Hydrosnlphuric Acids. 

Hydrochloric Acid. HC1, c.w. 36*5. 

I. AgNO s produces a white curdy precipitate of 
AgCl, which becomes violet on exposure to light. 
The precipitate is insoluble in HNO3, but soluble in 
(NH 4 )HO, in KCN, in Na^O* and cdso to some 
extent in NaCl. 
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2. Heated with H 2 S0 4 and MnO„ chlorides yield 
chlorine gas, recognized by its smell, bleaching action, 
and green colour. 

3. Dry chlorides, when heated in a retort with 
1I 2 S0 4 and K^C^Oy, yield Cr0 2 Cl 2 (chromium oxy- 
chloride), which distils over into the receiver as a 
dark red liquid, decomposed by addition of water or 
(NHJHO, yielding a yellow solution, which, on addi- 
tion of a lead salt, gives a yellow precipitate of PbCr0 4 . 

1112. HYDROBROMIC ACID. HBr, CW. 8l. 

1. AgN0 3 produces a pale yellow precipitate of 
AgBr, insoluble in dilute HN0 3 , soluble in strong 
(NH 4 )HO, and readily in KCN and Na^O* 

2. Chlorine passed through a solution of a bromide 
decomposes it with liberation of Br, which dissolves 
in the liquid and colours it yellow. If this solution be 
shaken up with ether, the bromine is dissolved by it, 
and the yellow ethereal solution floats above the liquid 
which becomes colourless. If the ethereal solution 
be then separated from the liquid, and NaHO be 
added, the yellow colour disappears, and NaBr and 
NaBr0 3 are produced. On evaporation and ignition, 
oxygen is evolved and NaBr alone remains, which 
may be tested as in 3. 

3. Heated with H 2 S0 4 and Mn0 2 , bromides yield 
red vapours of Br, recognized by its powerful odour. 

4. Heated in a retort with K 2 Cr 2 7 and HjS0 4 , dry 
bromides yield dark red vapours, which condense in 
the receiver to a liquid of the same colour, which 
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consists of pure bromine, and is decolorized on adding 
excess of (NH^HO. (Compare Hydrochloric Acid 
test, ill, 3.) 

113. Hydriodic Acid. HI, c.w. 128. 

1. AgN0 3 produces a pale yellow precipitate of 
Agl, insoluble in dilute HNO3, and very difficultly 
soluble in (NH^HO, but readily in KCN and Na^Os. 

2. Cuprous sulphate * produces a dirty-white pre- 
cipitate of Cu 2 I 2 , which separates most completely if 
the solution be made slightly alkaline with Na 2 CO;}. 
The reagent produces no precipitate in solutions of 
chlorides or bromides. 

3. KN0 2 produces no reaction in solutions of iodides 
until a few drops of HC1 or H 2 S0 4 are added, when 
iodine is at once liberated and colours the solution 
yellow. If a little starch solution be now added, a 
deep blue coloration results from the formation of 
starch iodide. On warming the blue liquid the colour 
disappears, but reappears on cooling. The produc- 
tion of blue starch iodide is the most characteristic 
test for iodine. 

4. Chlorine water (or the gas) liberates iodine 
from iodides, but excess of CI causes the formation of 
ICla, which is colourless, and gives no blue coloration 
with starch solution. If therefore chlorine water be 
added drop by drop to a solution of an iodide mixed 
with starch solution, a blue coloration is produced, 

* Prepared by dissolving a mixture of two parts CUSO4 and five part: 
FeS(>4 m water, or by the action of S0 3 on CuSO* 
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which disappears on further addition of the re- 
agent. 

5. Free iodine (liberated by either of the above 
methods) is dissolved by CS^ forming a violet-coloured 
solution. If then, a solution of iodine be shaken up 
with CSfc the latter acquires a violet colour. Chloro- 
form may be substituted for CS 2 . 

6. Heated with Mn0 2 and dilute H 2 S0 4 , violet 
vapours of iodine are obtained, which colour paper 
moistened with starch, blue. 

xx a. Hydrocyanic Acid. HCN, c.w. 27. 

1. AgN0 3 produces a white precipitate of AgCN, 
insoluble in HN0 3 , with difficulty in (NH 4 )HO, but 
readily in KCN and N^SgOg. AgCN is decomposed 
on ignition, and metallic Ag remains ; this serves to 
distinguish it from AgCl, which is not decomposed on 
ignition. 

2. If a solution of FeSO^, which has become oxi- 
dized by exposure to the air, be added to the solution 
of a cyanide made alkaline with NaHO, a bluish green 
precipitate is formed, which is a mixture of Prussian 
blue with the hydrated oxides of iron. On adding 
HC1, these last are dissolved, and the blue precipitate 
remains. 

3. HC1 decomposes nearly all cyanides with evo- 
lution of HCN, recognized by its odour, resembling 
bitter almonds. If a cyanide be thus decomposed 
in a small porcelain basin, covered by a similar basin 
on which a drop of (NH 4 ) 2 S 2 (yellow) adheres, th 
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latter is converted into (NHJCNS, which gives a 
blood-red coloration on addition of Fe 2 Cl fl and 
HC1. 

NOTE. — Hg(CN) 2 cannot be detected by the above 
methods. The dry substance is detected by igniting 
in a small tube, when cyanogen gas is evolved, or the 
solution is decomposed by H a S and filtered from the 
HgS ; the filtrate contains HCN. 

115. Hypochlorous Acid. HCIO, c.w. 52-5. 

1. AgNO s produces a white precipitate of AgCl. 

2. Pb(NC>3) 2 produces a white precipitate, which 
changes in colour to red, and ultimately to brown from 
formation of PbOj. 

3. MnCl 2 produces a dark brown precipitate of 
MnO(HO),. 

4. Indigo and litmus solution are decolorized, espe- 
cially on addition of an acid. 

5. Dilute acids decompose hypochlorites with evolu- 
tion of CI. HNO3 evolves HCIO from hypochlorites. 

116. Nitrous Acid. HN0 2 , c.w. 47. 

1. AgNOg produces a white precipitate of AgNOj, 
soluble in a large excess of water. 

2. HjS, in presence of acid, produces a precipitate 
of S, and (NH 4 )NO s remains in solution. 

3. FeS0 4 , in presence of an acid, produces a black 
co' oration from solution of NO in the FeSO* 

(See also 113, test 3.) 
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117. H YDROSULPHURIC Acid (Sulphuretted Hydro- 
gen). H 2 S, c.w. 34. 

1. AgN0 3 produces a black precipitate of Ag a S, 
insoluble in dilute acids. 

2. Lead acetate, even when highly dilute, produces 
a black precipitate of PbS. 

3. Sodium nitro-prusside, in presence of NaHO, pro- 
duces a reddish violet coloration, even in very dilute 
solutions. The colour disappears in a short time. 

4. HC1 or H 2 S0 4 decomposes most sulphides with 
evolution of H 2 S, recognized by its disagreeable odour 
and by its blackening paper moistened with solution 
of lead. 

Reactions of the Acids belonging to Group IV. 

118. Acids not precipitated by any reagent. 

Nitric, Chloric, and Perchloric Acids. 

Nitric Acid. HNO3, c.w. 63. 

1. Nitrates when heated evolve oxygen, and in some 
cases nitrous vapours also. On fusing a nitrate and 
adding a. fragment of charcoal, vivid deflagration 
occurs. 

(For the reactions of Nitric Acid, see fill.) 

110. Chloric Acid. HCIO3, c.w. 84-5. 
1. H.,S0 4 decomposes chlorates with evolution of 
CL0 4 , a greenish yellow gas, having a powerful odour. 

1 
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If heated, violent explosions occur : the mixture ought 
therefore to be kept cold, and only very small quanti- 
ties should be used. 

2. When chlorates are heated, oxygen is evolved 
and a metallic chloride remains, which may be dis- 
solved in water and precipitated, as AgC^ by AgNO^ 
(See 5.) 

3. Chlorates are reduced by S0 2 with liberation of 
chlorine or its oxides, hence if the solution of a chlorate 
be coloured blue with indigo solution, it is decolorized 
on adding H 2 S0 4 and solution of NagSO^ (Distinction 
from perchlorates). 

4. HC1 decomposes chlorates with evolution of CI 
and C1 2 4 , a mixture called euchlorine. 

5. Heated with charcoal, chlorates deflagrate vio- 
lently. 

Perchloric Acid. HC10 4 , c.w. 100-5. 

1. H 2 S0 4 does not act upon perchlorates in the cold, 
and on heating white fumes of HC10 4 are given off, but 
no explosions occur. (Compare X19, 1.) 

2. KC1 produces in strong solutions a white precipi- 
tate of KC10 4 . 

3. Indigo solution is not decolorized when added to 
perchlorates warmed with HC1, as euchlorine is not 
evolved. 

4. Dry perchlorates evolve oxygen on heating. 

5. Anhydrous perchloric acid is a colourless fuming 
liquid, which explodes with great violence when 
dropped on wood charcoal. (Roscoe.) 

6. Perchlorates are not reduced by S0 2 . (Compare 

w 3.) 
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TABLE J. 
lllO. Detection of Inorpanic Acids in Mixtures. 

[The following adds are found in the examination for bases, which 
ought always to precede the examination for acids : — H^SO^ H^S^O** 
H^COy, H^S, SAHO)+ h a Cr0 4 , H^AsO^ and H 3 /isO A . 

(a) Acids in Soluble Bodies. 

1. Neutralize a portion of the solution with (NH4) HO and add Bad, 
(or Ba(NC>3) a if Ag.Hga, or Pb be present): precipitate indicates H 9 SO* 
H3PO4, H 3 As0 3 , H 3 As0 4 , Si (HO)* H a Cr0 4 , OF, Ci, T f * and 
large quantities of B(HO) 3 and HF. 

To precipitate, add water and then HC1 : if a precipitate remain, 
H a 804 was present. 

9. To another portion of the neutralized solution add AgNl>3 : a 
precipitate indicates one or more of the following acids : — 

(a) HC1, H Br, H I, H C N. H 4 Fe (C N) 6 , H 3 Fe (C N)* H a S. 

(*) H3PO4, H 3 As O4. H 3 A* 3 , H a Cr0 4 , Si(HO) 4 , B(HO)3, Ox, t, and 

Ci. To the precipitate add cold dilute HNO3. Acids under (a) are in- 
soluble, those under (£) soluble. 



* 0~x, Ci, and T are contractions for oxalic, citric, and tartaric acids. 
(For the further separation of these organic acids, see Table K..) 

1 2 
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DKTECTION OF ACIDS UNDER («). 

To a portion of the solution add 
itarch paste and one drop of a solu- 
tion of N a 3 in H 2 S0 4 . Blue 
coloration indicates HI. Add now 
chlorine water till the blue colour 
disappears, and shake with chloro- 
form. If this becomes reddish 
brown in colour, the presence of 
H Br is indicated. HC1 is de- 
tected in the presence of the others 
by boiling down the solution to 
dryness and distilling the resi- 
due with K 2 Cr 3 (>7 and H 2 SC>4. 
(See 111, 3 ) 



DETECTION OF ACIDS UNDER (£). 

Test separately for each acid by 
the methods already given. 

Separation of H3 AsO* H3ASO4, 

AND H3PO4. 

Acidify solution with H CI, add 
Na,S03, and heat until no smell of 
SO a is given off. Pass HaS through 
the hot solution, filter, and test for 
H3PO4 with ammonium molyb- 
date : yellow precipitate indicates* 
H3 PO4. Precipitate another por- 
tion with magnesia mixture, and 
test both precipitate and filtrate for 
arsenic. 



TEST FOR THE REMAINING ACIDS BY THE FOLLOWING REACTIONS 
GIVEN UNDER EACH ACID. 



tor H C N by test 3. 114. 
For H 4 Fe(C N) 6 by tests 3 and 4, 

126. 
For H 3 Fe(C N)& by tests 2 and 

3. 127. 
ForH 2 S, by test 4, 117. 
•For H NO3, by tests b and c, 

22. 
For HCIO3, by tests 1 and 2, 

For Ox and HF, by CaCla+ acetic 



acid. Confirm Ox by test 4, 

IOO, and HF by test 3* 

IOI. 
For B ( HO) 3 by tests 4 and 5, 99. 
For Si(HO ) 4 , by tests 2 and 4. 103 . 
For H a Cr0 4 , by tests4ands, HO. 
For H 2 S0 3 by test 3, 105, and 

smell of S0 2 on adding H CI. 
For CO a by test 2, 102. 
For H 2 S a C>3 by tests 2 and 3, 

106, 



03) Acids in Insoluble Bodies. 

Some idea of the nature of the compound is generally obtained by 
the preliminary examination (Tables A and B). If not dissolved by the 

* If H I be present, it must first be removed by addition of Fe SO/, + 
€uS0 4 - (See 113,2.) 
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ordinary reagents, the substance must be fused with about four times its 
weight of a mixture of NagCC^ and YLJZO3. When cold, extract the 
fused mass with water, and filter if necessary. The filtrate contains the 
acid, and is neutralized with HC1 or HNO3, and examined by the 
methods given under (a). 

The sulphates of barium, strontium, and calcium are decomposed by 
boiling with a concentrated solution of Na 2 C03. Filter, and examine 
the filtrate for the acid. 

Nitric acid and aqua regia oxidize sulphides to sulphates : hence the 
solution of a sulphide in these acids always contains H 2 SC>4. In such 
cases a separate portion of the substance must be examined for H 2 SC>4 
by boiling with HO, diluting with water, and then testing with Bad? 
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Xfll. GROUPING OF THE ORGANIC ACIDS. 

Group I. (Tartaric Acid Group). 

Group reagent, CaCl^ 

Tartaric, Citric, and Malic Acids (Oxalic Acid, 

see lOO). 

Acids which are precipitated by CaCl 2 in the cold 
or on boiling. 

Group II. (Benzoic Acid Group). 
Group reagent, FegC^. 

Benzoic and Succinic Acids. 

Acids which are not precipitated by CaCl 2 , but 
which give precipitates with Fe 2 Cl 6 in neutral solutions. 

Group III. 

Group reagent, AgN0 3 . 

Ferro-cyanic, Ferri-cyanic, Sulpho-cyanic, Acetic 

and Formic Acids. 

Acids precipitated by AgN0 3 in neutral solutions, 
and not by CaCl^ or Fe 2 Cl 6 . Acetates and Formates 
are only precipitated in concentrated solutions. 
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Reactions of the Organic Acids belonging to Group I. 

(Tartaric Acid Group.) 

Acids precipitated by CaCl 2 in the cold or on boiling. 



Tartaric and Citric Acids. 

ma. Tartaric Acid. C 4 H 6 6 . 

1. CaClj in neutral solutions produces a white pre- 
cipitate of C 4 H 4 Ca0 6 , soluble in acids, and in am- 
moniacal salts. The precipitate is soluble in KHO, 
but is re-precipitated when the solution is boiled, and 
on cooling is re-dissolved. 

2. KC1 produces in solutions containing T in excess 
a white crystalline precipitate of C 4 H 6 K0 6 , soluble in 
mineral acids and alkalies, insoluble in acetic acid. 
The precipitation is promoted by stirring, or by addi- 
tion of alcohol. 

3. Lime-water produces in neutral solutions a white 
precipitate C 4 H 4 CaO B (flocculent at first, afterwards 
crystalline), soluble in tartaric acid and NH 4 C1, but 
re-precipitated in crystals from these solutions after 
standing some time. 

4. Add to some calcium tartrate which has been 
washed two or three times by decantation (after pour- 
ing off the wash water as completely as possible), a 
drop or two of (NH^HO and a crystal of AgNO„ and 
heat the mixture in a test tube. A lustrous mirror of 
silver will deposit on the tube. 

5. Heated with strong H,S0 4 , the mixture darkens 



/ 
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rapidly from separation of carbon, and SO* CO, and 
C0 2 are evolved. 

6. Heated to redness, the substance darkens in 
colour and gives off the characteristic odour of burnt 
sugar. 

1123. Citric Acid. C 6 H 8 7 . 

i. CaCl 2 produces no precipitate in neutral solutions 
in the cold, but on boiling, Ca s (C 6 H 6 7 ) s is precipitated, 
and is not soluble in KHO, but soluble in (NH^HO. 

2. Lime-water produces no precipitate in cold neutral 
solutions, but on boiling, Ca 3 (C 6 H 6 7 ) 2 is precipitated. 

3. AgN0 8 produces in neutral solutions a white floc- 
culent precipitate of C 6 H 6 Ag 8 7 , soluble in (NH^HO : 
this solution does not blacken on boiling. 

4. Heated with strong H 2 S04, CO a and CO are 
evolved without any darkening in colour ; on continued 
heating, however, the mixture darkens, and SO s is 
evolved. 

5. Heated to redness, irritating fumes are given off, 
readily distinguished from those given off by heating 
the preceding acid. 

1123a. Malic Acid. C 4 H 6 6 . 

1. CaCl 2 produces no precipitate in neutral solutions 
in the cold, but upon boiling, C 4 H 4 Ca0 6 separates 
from strong solutions. The precipitate when heated 
with (NH^HO and AgN0 3 causes no separation of 
silver. 

2. Lime-water does not precipitate solutions of malic 
acid or of malates even on boiling. (Compare 1123, 2.) 
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3. AgN0 3 produces in neutral solutions a whiie 
granular precipitate of C 4 H 4 Ag 8 6 , which becomes 
grey on boiling. 

4. Heated with strong H 2 S0 4 , CO t and CO are 
evolved, the fluid then darkens and S0 2 is evolved. 



Reactions of the Acids belonging to Group II. 

(Benxonic Acid Group.) 

1124. Acids precipitated by Fe 2 Cl 6 , and not by CaG 2 . 



Benzoic and Succinic Acid. 

Benzoic Acid. QHgO* 

1. Fe 2 Clfl produces, in neutral solutions, a buff- 
coloured precipitate of ferric benzoate, decomposed by 
(NH^HO with formation of a more basic benzoate 
and ammonium benzoate. Ferric benzoate is soluble 
in HQ with liberation of benzoic acid. 

2. Heated with H 2 S0 4 benzoic acid does not 
blacken. 

3. Heated in an open tube, the acid sublimes in 
needle-shaped crystals, and an irritating vapour is 
given off. When kindled, the crystals burn with a 
smoky flame. 

ifl5. Succinic Acid. C 4 H 6 4 . 

1. FejClfl produces, in neutral solutions, a reddish 
brown bulky precipitate of ferric succinate, soluble in 
mineral acids, and decomposed by (NHJHO in a 
similar manner to ferric benzoate. 
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2. Lead acetate produces a white precipitate of lead 
succinate, soluble in excess of the reagent and in 
HNOg. 

3. BaCl 2 , in presence of (NH 4 )HO and alcohol, pro- 
duces a white precipitate of barium succinate ; this 
reaction serves to distinguish this acid from benzoic, 
which does not give a similar precipitate. 

4. Heated in an open tube, the acid sublimes in fine 
needles ; and when kindled, the crystals burn with a 
bluish but not smoky flame. 

Reactions of the Acids belonging to Group III 

126. Acids precipitated by AgN0 3 , in strong neu 
tral solutions. 

Ferro-cyanic, Ferri-cyanic, Sulpho-cyanic, Acetic, 

and Formic Acids. 

Ferro-cyanic Acid. H 4 Fe(CN) 6 . 

1. AgN0 3 produces a white precipitate of Ag 4 Fe(CN) 6 , 
insoluble in dilute HNO s and in (NH 4 )HO, but soluble 
in KCN. 

2. CuS0 4 produces a reddish brown precipitate of 
Cu 2 Fe(CN) 6 . 

3. Fe 2 Cl 6 produces a deep blue precipitate of Prus- 
sian blue, insoluble in dilute mineral acids, soluble in 
oxalic acid, and decomposed by NaHO with separa- 
tion of Fe 2 (HO) 6 . 

4. FeS0 4 gives a light blue precipitate, which rapidly 
darkens in colour by oxidation. 
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187. Ferri-cyanic Acid. H 3 Fe(CN)o. 

1. AgN0 3 produces an orange-coloured precipitate 
of Ag 3 Fe(CN) 6 , insoluble in dilute HNO3, soluble in 
(NH 4 )HO and KCN. 

2. FeS0 4 produces a blue precipitate of Fe 3 Fe 2 (CN) 12 
(TurnbulPs blue), insoluble in acids, but decomposed 
by alkalies. 

3. Fe 2 Cl fl produces no precipitate, but alters the 
colour to a greenish brown. 

lfl7a. Sulpho-cyanic Acid. H(CN)S. 

1. AgN0 3 produces a white curdy precipitate of 
Ag(CN)S insoluble in dilute acids but soluble in 
(NH 4 )HO, and in solution of K(CN)S. From the 
solution in (NH^HO it crystalizes in shining scales. 

2. CuS0 4 produces in strong solutions a black 
crystalline precipitate of Cu(CN) 2 S 2 which changes on 
standing to the cuprous salt Cu^CN^Sg which is white. 
This change takes place at once by the addition of 
reducing agents {e.g. S0 2 or FeSOJ to the cupric salt. 

3. FegCle produces a blood-red coloration from 
formation of a soluble sulpho-cyanate of iron. The 
colour is destroyed by addition of alkalies, by HgCl 2 
and by many acids {e.g. HNO3, H3PO4, H 2 C 2 4 , 
HIO3), but not by HC1 even when concentrated. 

1128. Acetic Acid. Cs^O* 

1. AgN0 3 produces, in neutral solutions, a white 
crystalline precipitate of C 2 H 3 Ag02, soluble in 
(NH 4 )HO and in hot water. 
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2. Fe 2 Cl 6 , in neutral solutions, produces a deep red 
coloration. On boiling, all the iron separates as a light 
brown precipitate of basic acetate, and the fluid be- 
comes colourless. 

3. A strong solution heated with H 2 S0 4 and alcohol 
yields acetic ether, recognized by its characteristic and 
pleasant odour. 

129. Formic Acid. C^O* 

1. AgN0 3 produces, in neutral concentrated solu- 
tions, a white precipitate of CHAgO*, which rapidly 
darkens, especially on heating, owing to separation of 

Ag. 

2. Fe^le produces a similar reaction with formates 
as with acetates. 

3. Hg(NO s ) 2 produces a white precipitate of the 
formate of mercury, which, however, soon becomes 
grey from separation of Hg. 

4. Heated with H 2 S04, CO is evolved, and, if lighted, 
burns with a blue flame. 

130. Higher fatty acid. 

Stearic Acid. QgHgeOg. 

1. Heated with alkalies a soap is formed. If mutton 
fat (which contains the acid combined with glycerine) 
be heated with NaHO sodium stearate is formed, which 
dissolves in warm water and the glycerine separates. 
Soaps are decomposed by acids, which unite with the 
base, and the fat separates and may be dissolved in 
alcohol From this solution the fat crystallizes in needles. 
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TESTS FOR ORGANIC ALKALOIDS AND 
CERTAIN OTHER ORGANIC BODIES. 

131. Morphine. C ir H 19 N0 3 (Opium).* 

1. KHO and (NH 4 )HO precipitate morphia from its 
salts, readily soluble in excess of KHO, less readily in 
excess of (NHJHO. 

2. Concentrated HNO^ added to powdered morphia 
or its salts, produces an orange red coloration, changing 
afterwards to yellow. The reaction is best seen on a 
porcelain crucible lid. Addition of SnCLj or of Na^SgOj 
destroys the colour. 

3. A neutral solution of FejCle produces, when added 
to morphia (either in the dry state or in solution), a 
deep blue colour. 

4. HIO3, when added either to free or combined 
morphia, is decomposed with liberation of I, which 
colours the liquid brown. Starch paper added to the 
solution becomes blue. Addition of (NH 4 )HO deepens 
the brown colour. 

5. H 2 S0 4 produces no coloration with morphia or 
its salts, but on adding a crystal of K 2 Cr 2 0f a bright 
green colour is produced. 

132. Meconic Acid, C r H 4 O r (Opium). 

1. Fe 2 Cl c produces a deep red coloration, which does 
not alter on boiling (like ferric acetate), npr on treat- 
ment wfth HgCl 2 (like iron sulphocyanide). 

* These names refer to the substances from which the alkaloids, Sic. 
axe derived. 
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2. Lead acetate produces a white precipitate of lead 
meconate, insoluble in acetic acid. 

Opium Solutions : — 

Opium contains both morphia and meconic acid ; 
hence, in examining solutions of opium, the reactions of 
both these substances are obtained. The reaction of 
Fe 2 Cl tf with meconic acid is highly characteristic, and 
as meconic acid only occurs in opium, its detection in 
solutions of opium serves as an indirect indication of 
the presence of morphia. The two substances are 
separated by precipitating with lead acetate in pre- 
sence of acetic acid, and filtering from the lead 
meconate obtained. The filtrate contains acetate of 
morphia. If the lead meconate be washed thoroughly 
and then suspended in water and H 2 S passed through, 
PbS is precipitated, and meconic acid remains in solu- 
tion and may be obtained in crystals by evaporation. 

133. Strychnine. CaH^NjOa (Strychnos mix 
vomica and St. Ignatius' bean). 

i. Strong pure H 2 S0 4 dissolves strychnine without 
any discoloration of the solution, even when heated to 
ioo° C. This solution produces certain characteristic 
colours, with the following reagents : — 

(a) PbOg, blue coloration, changing to violet, then 
red, and finally yellow. 

(6) KgCrjOy, blue coloration, changing soon to yel- 
lowish red. 

(c) K4Fe(CN) e , violet coloration, changing less 
quickly. 
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(d) Mn0 2 , violet coloration changing to dark red. 

2. Strong HNO3 dissolves strychnine without dis- 
coloration unless heated, when the solution becomes 
yellow. 

3. The taste of strychnine is intensely bitter, and is 
perceptible even in very dilute solutions. 

4. Strychnine, when taken in poisonous doses, pro- 
duces tetanic convulsions. A most characteristic test, 
founded on this property, consists in injecting a trace 
of strychnine under the skin of a young frog, which is 
soon seized with tetanic convulsions, the body becomes 
rigid and arched, and the animal soon dies. 

134-. BRUCINE. C^H^NgC^ + 4 H 2 (Strychnos 
mix vomica and St. Ignatius' bean). 

1. HNQs, when added to brucine, dissolves it, and 
produces an intense red coloration, which becomes 
yellow on heating. If SnCl 2 , Na^Os or (NH^S be 
then added, the colour changes to violet. (Compare 
corresponding reaction with Morphia, 131, 2.) 

135. Quinine. QoH^NaOg (Cinchona Bark). 

1. Chlorine water, when added to an acid solution 
of quinine or its salts, produces no coloration until 
(NH 4 )HO is added, when a bright green colour is pro- 
duced. If K4Fe(CN) 6 be added before the (NH 4 )HO, 
a red coloration is produced, soon changing to dirty 
brown. 

2. KHO or (NH 4 )HO produces, in solutions of qui- 
nine salts, a white amorphous precipitate of quinine, 
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which, on standing, becomes crystalline. The precipi- 
tate is scarcely soluble in KHO, but slightly soluble 
in (NH 4 )HO. If a mixture of a quinine solution and 
(NH 4 )HO be shaken up with ether, the precipitated 
quinine is dissolved. (Compare test 2 for Cinchonine, 
136.) 

3. Solutions of quinine or its salts are fluorescent 
in a high degree, and possess an extremely bitter 
taste. 

136. Cinchonine. CgoH^NaO (Cinchona Bark). 

1. Chlorine water produces no coloration, even on 
addition of (NH^HO, which produces a yellowish 
precipitate. 

2. KHO or (NH 4 )HO produces, in solutions of cin- 
chonine salts, a white amorphous precipitate of cin- 
chonine, insoluble in excess, and not dissolved when 
shaken up with ether. (Compare test 2 for Quinine, 
135.) 

3. Solutions of cinchonine have a bitter taste and an 
alkaline reactions. The salts are less soluble in water 
and alcohol than those of quinine. 

137. Uric Acid. C 6 H 4 N 4 3 (Urine). 

1. HNO s dissolves uric acid with effervescence, and 
the solution when evaporated to dryness and moistened 
with (NH 4 )HO assumes a bright purple colour (mur- 
exide). 

2. NajCO s solution dissolves uric acid. If this solu- 
tion be placed on paper moistened with AgN0 3 solu- 
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tion, a brown stain is produced, owing to the reducing 
action of the uric acid. 

138. Urea. CH 4 N 2 (Urine). 

r. HNO3, when added to solutions of urea, unites 
with it, forming the nitrate, which separates out in 
crystalline plates, which are tolerably soluble in hot 
water and alcohol, but nearly insoluble in HNO3. 

2. KHO added to urea decomposes it on heating, 
And NH 3 is evolved. 

3. Hg(N03) 2 produces a white precipitate of vari- 
able composition. 

4. HN0 2 decomposes urea at once into C0 2 , H 2 0, 
and N. CH 4 N 2 + 2 HN0 2 = C0 2 -f 4 N + 3 H 2 0. 

5. When chlorine is passed into an aqueous solu- 
tion of urea the following reaction takes place — 
2 CH 4 N 2 + 6 CI + 2 H 2 = 2 C0 2 + 4 N + 6 HC1. 

139. Cholesterine. C 26 H 44 (Biliary Calculi). 

1. KHO does not saponify cholesterine, although in 
many of its properties it resembles oils and fats. 

2. Boiling alcohol dissolves cholesterine, and on 
cooling it crystallizes out in colourless plates. 

140. Grape Sugar. CgH^Oe (Fruit, Honey, Dia- 
betic Urine, &c). 

1. H 2 S0 4 forms with grape sugar a definite com- 
pound of a yellow colour. No charring occurs as in 
the case of cane sugar. 

2. Solution of grape sugar, when mixed with a few 
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drops of CuS0 4 and excess of KHO, produces on 
boiling a red precipitate (Cu 2 0), caused by the re- 
ducing action of the grape sugar. Solution of cane 
sugar does not give this reaction until boiled with a 
single drop of H2SO4, which converts it into grape 
sugar. 

3. An aqueous solution of grape sugar when mixed 
with yeast and kept at a temperature of 27 undergoes 
fermentation, and CO a is evolved. The mixture is 
placed in a test tube provided with a conducting tube 
which dips into lime water ; over these a bell jar is 
place4 (to prevent absorption of C0 2 from the air) and 
the apparatus kept for some hours at the necessary 
temperature. Turbidity in the lime water indicates 
the presence of grape sugar. (As C0 2 is sometimes 
given off by the yeast itself, it must be carefully tested 
before use in the manner described.) 

141. Albumin (White of Egg). 

1. Boiling water causes albumin to coagulate and it 
becomes at the same time insoluble, so that if a solu- 
tion in cold water be heated, coagulation at once takes 
place. 

2. HgCl 2 coagulates albumin, even when present in 
exceedingly small quantities. Coagulation also takes 
place with solutions of other salts, e.g. CuS0 4 , SnQ 2 
AgN0 3 . 

3. Most acids precipitate albumin from its solutions. 
HNO3 acts most readily, and is therefore used. to 
detect the presence of dissolved albumin. Acetic, 
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tartaric, and ortho-phosphoric acids do not coagulate 
albumin, except in very concentrated solutions. 

Casein (Milk and Cheese). 

1. Casein is insoluble in water, but is kept in solu- 
tion in milk by a small quantity of free alkali Such 
a solution does not coagulate by heat, but a film forms 
on its surface when heated. If this film be removed 
another forms in its place. 

2. All acids (except carbonic) precipitate casein 
from its solutions ; the precipitate is soluble in excess 
of the reagent 

3. Infusion of rennet (the inner membrane of the 
stomach of a calf ) coagulates casein completely. 



14.2. Starch. C 6 H 10 O 6 (Potato, Wheat, &c). See 



143. Tannic Acid. C^H^Ou (Gall-nuts). 

1. Solution of gelatin (isinglass) produces a yellowish 
flocculent precipitate. A piece of animal membrane 
gives the same precipitate. 

2. FegCl* produces a dark bluish black precipitate 
(ink). 



Gallic Acid. C 7 H 6 6 . (Gall-nuts). 

1. Solution of gelatin produces no precipitate. 

2. Fe 2 Cl produces in neutral solutions a bluish 
black precipitate. 
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145. Detection of Carbon, Hydrogen, Nitro- 
gen, Chlorine, Sulphur and Phosphorus, in 
Organic Bodies : — 

(a) Carbon. — Mix the substance intimately with 
powdered CuO, place in a hard glass tube, fill up with 
small pieces of CuO, and close the tube with a cork, 
through which a conducting tube passes into a flask 
containing clear lime-water. On heating, the carbon 
is oxidized to COa, which renders the lime-water 
turbid. Organic liquids are examined in a similar way : 
they are placed in a small bulb tube which is placed 
inside a hard glass tube and gently heated as soon as 
the CuO in front is red-hot. In this way the vapour 
passes over the CuO, and C0 2 is produced. 

(6) Hydrogen. — Proceed as in a (taking care to 
use perfectly dry CuO), but connect the conducting 
tube with a weighed CaCl 2 tube. Heat the hard glass 
tube as before, and then weigh the CaCl 2 tube. Gain 
in weight indicates that water has been formed by the 
oxidation of the hydrogen in the substance. When 
much water is present, it is visible in the bulb of the 
CaCl 2 tube. 

(c) Nitrogen. — Mix the substance intimately with 
powdered soda-lime, and observe if NH 3 is given off 
on heating. Ascertain this by the smell and by the 
action on red litmus paper. 

(d) Chlorine. — Mix the substance intimately with 
quick-lime (free from chlorine), place the mixture in a 
test tube, and heat to redness. Extract the residue 
with water, filter, and add solution of AgN0 3 to the 
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filtrate. By this means organic chlorine compounds, 
which are not precipitated by solution of AgNOs, are 
decomposed, the chlorine uniting with the calcium to 
form CaQa. 

(e) . Sulphur. — Solid compounds may be tested by 
fusing them with a mixture of pure solid KHO and 
KNO3. The fused mass when cold is dissolved in 
water, acidified with HC1 and tested in the usual way 
with solution of BaCl^ 

Liquids are gently heated with strong HNO3, or 
with a mixture of HC1 and HC10 3 , the solution is then 
diluted and tested with BaClj. 

(/) Phosphorus. — Fuse the substance as in (e) 
with a mixture of KHO and KN0 3 , or heat it with 
strong HNO3. Add water and test as in 98, 2, 5, or 6. 

Phosphorus may also be detected by slightly 
charring the substance and proceeding as in 60. 



S " 

n 
ii 

ail 

k 

SI 
ft 

Ii 

1 

ft 



ii 



Hi 



< 

HI 



SI13 

ll si 






iMIJ 



fl 3 

* Ml 



•iilfili 



PART V. 

REACTIONS OF THE RARE METALS. 

14-7. The following rare metals are considered here 
by themselves, and their position in the various groups 
indicated. For their separation from each other and 
from the commonly occurring metals, a larger manual 
must be consulted. 

Tungsten, Thallium, Palladium, Rhodium, Os- 
mium, Ruthenium, Gold, Platinum, Iridium, Molyb- 
denum, Selenium,* Tellurium, Uranium, Indium, 
Beryllium, Zirconium, Cerium, Lanthanum, Didy- 
mium, Titanium, Tantallum, Vanadium, Lithium, 
Caesium, Rubidium. 

* Selenium, although a m-^illoid, is conveniently included here. 



GROUPING OF THE RARE METALS. 137 
Grouping of the Rare Metals. 

14.8. Precipitated in Silver Group. 
Tungsten (as Tungstic Acid), Thallium (as Chloride). 

Precipitated in Copper Group. 
Palladium, Rhodium, Osmium, Ruthenium. 

Precipitated in Arsenic Group. 

Gold, Platinum, Iridium, Molybdenum, Tellurium, 
Selenium. 

Precipitated in Iron Group. 

Uranium, Indium (Thallium), as sulphides; Beryl- 
lium, Zirconium, Cerium, Lanthanum, Didymium, 
Titanium, Tantalum, as hydrated oxides. 

Precipitated as Sulphddes on adding HC1 to 
the filtrate from the Iron Group. 

Vanadium (Tungsten). 

Found in Potassium Group. 
Lithium, Cesium, Rubidium. 
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Reactions of the Rare Metal* of the Silrer Group. 

>. Tungsten. W, c.w. 184. 



1. HC1 produces a white precipitate of Tungstic 
acid H 2 WC>4, insoluble in excess, but soluble in 
(NHJHO. H 2 S0 4 or HN0 3 produces the same pre- 
cipitate. 

2. (NH 4 ) 2 S does not precipitate tungstates of the 
alkalies, until an acid be added, when tungsten tri- 
sulphide WS 3 is precipitated as a light brown powder. 

3. K 4 Fe(CN) 6 in acid solutions yields a reddish 
brown coloration, and on standing, a precipitate of the 
same colour. 

4. SnClg produces a yellow precipitate. On adding 
HC1 and heating, the precipitate becomes blue. 

5. Zn in presence of phosphoric acid produces a 
bright blue colour. 

6. With microcosmic salt in the reducing flame a 
blue bead is obtained, which changes to red on heating 
with FeS0 4 . 

150. Thallium. Tl, c.w. 203*5. 

1. HC1 in strong solutions produces a white precipi- 
tate of T1C1, soluble in a large quantity of water. 

2. (NH^jS produces a black precipitate of T1 2 S # 
insoluble in (NH^HO, but soluble in HC1, H 2 S0 4 , 
and HNOs. 

3. KI precipitates Tl I (yellow) even in dilute solu- 
tions. 

4. PtCl 4 precipitates a double chloride of thallium 
and potassium Tl a PtCl 6 of an orange colour* 
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5 Zn added to thallium solutions precipitates the 
metal. 

6. Thallium salts colour the lamp flame intensely 
green. 

Reactions of the Rare Metals of the Copper Group. 

151. Palladium. Pd, c.w. 106*6. 

1. H 2 S precipitates PdS as a black powder, inso- 
luble in (NH 4 ) a S > and soluble in boiling HC1 and 
aqua regia. 

2. Hg(CN) 2 precipitates palladium cyanide, Pd(CN)j, 
yellowish white and gelatinous, soluble in (NH 4 )HO 
and in HC1. 

3. KI produces a black precipitate of Pdl 2 . 

4. KC1 in strong solutions precipitates K 2 PdCl 6 in 
yellow needles, insoluble in absolute alcohol, but 
soluble in water, forming a dark-red fluid. 

15a. Rhodium. Rh, c.w. 104*2. 

1. H 2 S precipitates Rh 2 S 3 (brown), especially in 
warm solutions ; it is insoluble in (NH^S, but soluble 
in hot HNOg. 

2. KHO produces a yellowish precipitate of Rh(HO) 3 
H 2 0, soluble in excess of the reagent ; on boiling the 
solution, brown Rh(HO) 3 is precipitated. 

3. Zn produces a precipitate of metallic rhodium. 

4. Dry compounds when ignited in a current of hy- 
drogen are reduced to metal, insoluble in aqua regia, 
but soluble on fusing with HKS0 4 . 
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163. Osmium Os, c.w. 199*1. 

1. H 2 S in presence of acid precipitates OsS (brown- 
ish black), insoluble in (NH 4 ) 2 S. 

2. Os0 4 (osmic acid) decolorizes indigo solution. 

3. KI is decomposed with liberation of iodine. 

4. NajSOs yields a violet coloration, and after a time 
OsSO s (deep blue) separates out 

5. FeS0 4 precipitates black OsOg. 

6. Zn in presence of acids precipitates the metal. 

7. Dry compounds when ignited in a current of hy- 
drogen are reduced to metal. 

8. The metal and the mono- and di-oxides, when 
heated in air, yield OsO*, which is recognized by its 
peculiar irritating smell (resembling chlorine). This 
is an exceedingly characteristic reaction. 

164. Ruthenium. Ru, c.w. 104-4. 

1. H 2 S produces no immediate precipitate, but on 
standing, the solution turns blue, and brown Ru 2 S 3 is 
precipitated. 

2. (NH^jS precipitates Ru 2 Sg, difficultly soluble in 
excess. 

3. KHO precipitates black sesquioxide Ru(HO)g, 
insoluble in excess, but soluble in acids. 

4. KCNS in pure solutions produces on standing, a 
red coloration, which becomes first purple, and then 
on heating violet 

5. Zn produces a blue coloration, and ultimately the 
metal separates out 
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Reactions of the Rare Metals of the Arsenic Group. 

156. Gold. Au, aw. 197. 

1. H 2 S produces in cold solutions black Ai^S 3 , in 
hot solutions brown Au 2 S. Both precipitates are in- 
soluble in HNO3 and in HC1, but dissolve in aqua 
regia. They dissolve in yellow, but not in colourless 
ammonium sulphide. 

2. (NH 4 ) 2 S produces a black precipitate of Au^ 

3. (NHJHO in strong solutions precipitates ammo- 
nium aurate (fulminating gold). 

4. FeS0 4 produces a precipitate of the metal, as a 
brown powder, which, when rubbed, assumes a yellow 
colour and metallic lustre. 

5. KN0 2 also produces a precipitate of the metal. 

6. SnCl 2 + SnCl 4 produce a purplish precipitate 
(purple of Cassius) even in highly dilute solutions ; the 
precipitate is insoluble in HCL 

7. Heated on charcoal with NajC0 3 before the blow- 
pipe, malleable yellow beads of the metal are ob- 
tained. (See also flame reaction, 59.) 

156. Platinum. Pt, c.w. 197*5. 

1. H 2 S produces in cold solutions on standing, brown 
PtS 2 ; on heating, the precipitate forms at once. It is 
soluble in a large excess of yellow ammonium sulphide ; 
it is insoluble in HC1 and in HNO& but soluble in 
aqua regia. 

2. (NH^S produces the same precipitate as H 9 S. 
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3. NH 4 C1 produces a yellow crystalline precipitate 
of (NH^gPtClft, more sparingly soluble in alcohol than 
in water. On heating the dried precipitate, metallic 
platinum is left in a finely divided state. 

4. KC1 produces a yellow crystalline precipitate of 
KjPtCle, also more insoluble in alcohol than in water. 
On heating the dried precipitate, a mixture of Pt and 
KC1 is obtained. 

5. S11CI3 produces no precipitate, but, in solutions 
containing HC1 in excess, yields a dark brown colora- 
tion due to the formation of dichloride. 

6. FeS0 4 on long-continued boiling produces a pre- 
cipitate of the metaL 

7. Fused on charcoal with Na^C^ before the 
blow-pipe flame, yields the metal as an infusible grey 
powder. (See also flame reaction, 59.) 

167. Iridium. Ir, c.w. 198. 

1. H 2 S first removes the colour and sulphur sepa- 
rates out ; afterwards brown iridium sulphide is pre- 
cipitated. 

2. (NH 4 ) 2 S produces the same precipitate, soluble 
in excess. 

3. KC1 produces a dark brown precipitate of I^IrGy, 
insoluble in a concentrated solution of the reagent 

4. NH 4 C1 produces a dark red precipitate of (NH 4 ) 2 
IrCl 6 . 

5. FeS0 4 decolorizes solutions of iridium, but pro- 
duces no precipitate. 

6. Zn precipitates the metal as a black powder. 
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158. Molybdenum. Mo, c.w. 96. 

1. HgS precipitates in warm solutions, after some 
time, brownish black M0S3, soluble in (NH^S. 

2. Zn, in acid solutions, produces a blue coloration, 
which changes to green, and lastly to black, when 
Mo 2 3 separates out. 

3. KCNS, when added to an H CI solution, produces 
on addition of Zn a crimson coloration. 

4. Na^HPC^ produces, in a nitric acid solution of 
ammonium molybdate, a yellow precipitate (in dilute 
solutions only after the lapse of some time). The pre- 
cipitation is aided by gentle heating. 

169. Tellurium. Te, c.w. 128. 

1. H 2 S produces, in presence of acid, a brown pre- 
cipitate of TeS^ easily soluble in (NH^jS. 

2. H 2 produces a white precipitate of H 2 TeQ 3 . 

3. KHO or NajCOj, when added to an HC1 solu- 
tion, produces a white precipitate of HjTeOg, soluble 
in excess of either reagent. 

4. Na^S0 3 or SnCl s produces a black precipitate of 
the metal. 

5. Zn precipitates the metal as a black powder. 

6. Fused with NajCOg, yields NajTe, which, on 
Creatment with HC1, yields H 2 Te, recognized by its 
very disagreeable odour. 

lao. Selenium. Se, c.w. 795. 

1. H 2 S produces, in presence of acid, a yellow pre- 
cipitate of doubtful composition, which darkens in 
colour on heating, and is soluble in (NH^S. 
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2. BaClj produces a white precipitate of BaSe, 
soluble in HCL 

3. SO s and SnClj produce in acid solutions a red 
precipitate of Se. 

4. Heated in the reducing flame on charcoal, selenium 
compounds yield a highly characteristic smell, resem- 
bling that of horse-radish. 



Reactions of the Rare Metals of the Iron Group. 

161. Uranium. U, c.w. 120. 

1. (NH^gS produces a brown precipitate of oxysul- 
phide, soluble in colourless ammonium sulphide to a 
black liquid. 

2. Alkalies produce a yellow precipitate of hydrated 
oxide, insoluble in excess of the reagent. 

3. (NH 4 ) 2 C0 3 produces, a precipitate of the double 
carbonate of uranium and ammonium, soluble in excess 
of the reagent. 

4. BaC0 3 produces a precipitate of hydrated oxide 
in cold solutions. 

5. K4Fe(CN) 6 produces a reddish brown precipitate. 

6. Fused with borax in the reducing flame, uranium 
compounds yield pale green beads. 

lea. Indium. In, c.w. 113*4. 

1. (NH^jS, in presence of (NH 4 )HO and tartaric acid, 
produces a white precipitate, which turns yellow on 
addition of acetic acid. 
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2. Alkalies produce a precipitate of the hydrate, in- 
soluble in excess of the reagent. 

3. Alkaline carbonates precipitate the carbonate, 
soluble in excess of (NH 4 ) 2 CC>3, but not in excess of 
K 2 C0 3 or NagCOg. 

4. BaC0 3 precipitates solutions of indium com- 
pletely. 

5. K 4 Fe(CN) 6 produces a white precipitate. 

6. Zn precipitates the metal in shining plates. 

7. Heated with Na 2 C0 3 in the reducing blow-pipe 
flame, metallic beads are obtained. 

8. Indium compounds impart a bluish violet tinge 
to the flame. 

163. Beryllium. Be, c.w. 9-3. 

1. (NHi) 2 S precipitates the hydrate (flocculent) like 
alumina in appearance, but differs from it in dis- 
solving on continued boiling with NH 4 Ci. Beryllium 
chloride is formed and ammonia is driven off. 

2. KHO precipitates the hydrate, soluble in excess. 
If this solution be diluted and well boiled, the beryl 
Hum hydrate is re-precipitated. 

3. N^COs precipitates the carbonate (white), soluble 
in a large excess. 

4. (NH 4 ) 2 C0 3 precipitates the carbonate (white), 
easily soluble in excess of the reagent. 

5. BaCO s in cold solutions precipitates the beryl- 
lium completely. 

164. Zirconium. Zr, c.w. 89*6. 

1. (NH 4 ) 2 S produces a precipitate of hydrate, in- 

L 



!46 PRACTICAL CHEMISTRY. 

soluble in excess. KHO and (NH^HO produce the 
same precipitate, insoluble in excess of these reagents. 

2. Alkaline carbonates precipitate the carbonate as 
a flocculent powder, soluble in a large excess of K,CO s 
and in a small excess of (NH^COj. From this latter 
solution the hydrate is re-precipitated on boiling. 

3. BaC0 3 does not precipitate zirconium completely, 
even on boiling. 

165. Cerium. Ce, c.w. 92*2. 

1. (NH^HO produces a precipitate of a basic salt, 
insoluble in excess. 

2. KHO produces a precipitate of the white hydrate, 
insoluble in excess of the reagent. The precipitate 
becomes yellow on exposure to the air. 

3. (NH 4 ) 2 C0 3 produces a white precipitate, soluble 
in excess of the reagent 

4. C 2 H 2 4 precipitates cerous oxalate, insoluble in 
excess, but soluble in HCL 

5. BaCO s precipitates cerium completely after the 
lapse of some time. 

6. Chlorine, passed through a solution mixed with 
sodium acetate, precipitates the peroxide (light yellow). 

166. Lanthanum. La, c.w. 92*9. 

1. (NH 4 )HO produces a precipitate of a basic salt. 

2. KHO precipitates the hydrate (white), which does 
not alter on exposure to air. 

3. (NH^COg produces a precipitate, insoluble in 
excess of the reagent. 
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4. C 2 H 2 4 precipitates the oxalate, insoluble in ex- 
cess, but soluble in HC1. 

167. Didymium. D, c.w. 95. 

1. (NH 4 )HO produces a precipitate of a basic salt, 
insoluble in excess of the reagent, but sparingly soluble 
inNH 4 Cl. 

2. KHO precipitates the hydrate (white), which does 
not alter on exposure to air. 

3. (NH 4 ) 2 C0 3 produces a white precipitate, insoluble 
in excess of the reagent, but soluble in NH 4 C1. 

4. C 2 H 2 4 produces an almost complete precipitation 
of the oxalate, soluble in hot HC1. 

5. Fused with microcosmic salt in the reducing 
flame, a reddish violet bead is obtained. 

6. Fused with carbonate of soda in the oxidizing 
flame, greyish white beads are obtained. 

168. Titanium. Ti, c.w. 50. 

1. (NH^HO or (NH 4 ) 2 S precipitates H 2 Ti0 3 (ti- 
tanic acid), insoluble in excess of either reagent. 

2. KHO also precipitates H 2 TiOg, insoluble in 
excess. 

3. BaC0 3 produces the same precipitate. 

4. Na2S 2 3 when boiled with titanium solutions pre- 
cipitates them completely. 

5. Zn produces, first a blue coloration, then a blue 
precipitate, which ultimately becomes white. 

6 Fused with FeS0 4 and microcosmic salt in the 
reducing flame, a bright red bead is obtained. 

L 2 
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Reactions of the Rare Metals precipitated as 
Sulphides on adding; HC1 to the filtrate from 
the Iron Group. 

169. Vanadium. V, c.w. 51*3. 

1. H 2 S produces no precipitate in acid solutions, but 
a blue coloration by reducing to a lower oxide. 

2. (NH 4 ) 2 S produces in a solution containing H 2 S0 4 
a brown precipitate of the sulphide, soluble in excess 
of the reagent. 

3. NH4CI in solutions of alkaline vanadates, pre- 
cipitates the metal completely as ammonium meta- 
vanadate (white). This precipitate loses ammonia on 
heating, and leaves a residue of V 2 6 . 

4. K 4 Fe(CN) 6 produces, in acid solutions, a green 
precipitate, not dissolved by acids. 

5. S0 2 , or oxalic acid, reduces acid solutions of 
V 2 6 to a lower oxide of vanadium, of a bright blue 
colour. 

6. Zn, added to a solution of V 2 5 in H 8 S0 4 
(diluted with H 2 0), produces a series of changes in 
colour, and ultimately a violet solution is obtained, 
which rapidly becomes brown in air by oxidation. 

Reactions of the Rare Metals found in Potassirm 

Gronp. 

170. Lithium. Li, c.w. 7. 

1. Pt.Cl 4 produces no precipitate. 

2. N^HPC^ produces, on boiling the solution, a 
white precipitate of 2 Li 3 P0 4 + H 2 0. The precipitate 
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is soluble in HC1, and is not re-precipitated by (NH 4 )HO 
unless the solution be boiled. 

3. Lithium compounds tinge the lamp flame bright 
crimson. 

171. Cesium. Cae, c.w. 133. 

1. PtCl 4 produces a crystalline light yellow precipi- 
tate of 2(CaeCl) + PtCl 4 , insoluble in boiling water. 
(The corresponding potassium salt is dissolved by 
repeated treatment with boiling water.) 

2. Tartaric acid produces a precipitate of. the acid 
tartrate of caesium, more soluble in water than the cor- 
responding compound of rubidium. 

3. Volatile caesium salts colour the flame violet. 

17a. Rubidium. Rb, c.w. 85*4. 

1. PtCl 4 produces a crystalline light yellow precipi- 
tate of 2 (RbCl) 4- PtCl 4 , insoluble in boiling water. 

2. Tartaric acid produces a precipitate of the acid 
tartrate of rubidium, which is much more insoluble in 
water than the corresponding caesium compound. 

3. Volatile salts of rubidium colour the flame 
vioict 
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TABLE OF THE ELEMENTS, WITH THEIR 
SYMBOLS AND COMBINING WEIGHTS. 

Etemcnt Symbol. ^Wc&l* 

Aluminium ..... Al 27*3 

Antimony Sb 122*3 

Arsenic As 75*2 

Barium Ba 137 

-Beryllium Be 9*3 

Bismuth Bi 210 

Boron B 11 

Bromine Br 80 

Cadmium Cd 112 

Caesium Cs 133 

Calcium Ca 40 

Carbon C 12 

Cerium Ce 92*2 

Chlorine CI 35*5 

Chromium Cr 52 

Cobalt Co 587 

Copper Cu 63*5 

Didymium . . . . D 95 

Erbium E 112 6 
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Element. Svmbol. C v£uf°* 

Fluorine F 19 

Gold Au ...... 197 

Hydrogen H ..... . 1 

Indium ...... In 113*4 

Iodine I 127 

Iridium Ir ..... . 198 

Iron Fe 56 

Lanthanum La ..... . 92*9 

Lead Pb 207 

Lithium Li 7 

Magnesium Mg 24 

Manganese Mn 55 

Mercury Hg 200 

Molybdenum Mo .... .96 

Nickel Ni 587 

Niobium Nb 94 

Nitrogen N 14 

Osmium Os *99'i 

Oxygen O 16 

Palladium. ..... Pd 106*6 

Phosphorus P 31 

Platinum Pt 197*5 

Potassium K 39*1 

Rhodium Rh 104*2 

Rubidium Rb 85*4 

Ruthenium Ru ic»4'4 

Selenium Se 79*5 

Silver Ag . . . . . 108 
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Element Symbol. C Wdgh" g 

Silicon Si 28 

Sodium Na 23 

Strontium Sr 87*5 

Sulphur S 32 

Tantalum Ta i82'3 

Tellurium Te 128 

Thallium Tl 203*5 

Thorium Th 1157 

Tin Sn 118 

Titanium ....... Ti 50 

Tungsten W 184 

Uranium U 120 

Vanadium V 51*3 

Yttrium Y 6r6 

Zinc Zn 65*2 

Zirconium Zr . . . . . 89*6 
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APPENDIX B. 

WEIGHTS AND MEASURES. 

Measures of length. Measures of weight. 

x metre = 10 decimetres (dcm.). z gram = xo decigrams, 

z metre = ioo centimetres (cm.). x gram = 100 centigrams, 

x metre = xooo millimetres (mm.). x gram = xooo milligrams. 

ooo metres = x kilometre. 1000 grams = I kilogram, 

ioo metres = x hectometre. xoo grams "=■ x hectogram, 

xo metres = x decametre. xo grams = x decagram. 

x inch = a '599954 centimetres. x grain =■ 0*06479895 grain 

x foot = 3 '0479449 decimetres. 1 ounce 

1 yard = 091438348 metre. (Troy.)/ 35 * 10 ** « raa,a ; 

1 mile = x '6093x49 kilometre. 1 pound) 

1 cwt, = 50*80237689 kilogs. 

Measures of capacity. 
x litre = x cubic decimetre. 1 cub. in.= 16*3861759 cubic 

x litre = xooo cubic centi- centimetres. 

metres. x cub. ft = 38*3153119 cubic 

■000 litres -= 1 kilolitre or stere. decimetres. 

»«*■ >= 4 543457969 litres 



(70,000 grains.) 
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APPENDIX C 

TREATMENT OF SILVER RESIDUES. 

Silver residues generally consist chiefly of silver 
chloride, and may be treated as follows. Add hydro- 
chloric acid in slight excess to precipitate any solu- 
ble silver salt that may be present, and allow the 
precipitate to subside. Pour off the supernatant 
liquid, and wash the precipitate several times (by de- 
cantation) with water. Place the precipitate in an 
evaporating basin, add solution of caustic soda and 
one or two pieces of sugar, and boil the mixture, 
stirring constantly. As soon as the precipitate settles 
rapidly to the bottom, leaving the liquid clear, the 
heating is stopped, and the precipitate washed with 
common water (by decantation) till no longer alkaline, 
and finally once or twice with distilled water. The 
moist precipitate is then dissolved in pure nitric acid, 
and evaporated to obtain crystals of silver nitrate. If 
any choloride has escaped reduction, the solution in 
nitric acid will not be clear, in this case it must be 
diluted and filtered. When the quantity of silver 
residues is small, it is better to dissolve the finely 
divided silver in the smallest quantity of nitric acid 
possible, dilute with distilled water, and filter the 
solution. 



TABLE 



IRON GROUP IN PRESENCE OF PHOSPHORIC 
Manganese, Zinc, Chromium, Barium, Strontium, and Mag* 

To the filtrate from the sulphides of the Cu and As groups add (N H 4 ) H O (till 

some time and filter. Wash well with water containing (N H^ S, and finally 

.Residue. 

I 

NiS,Co8,8i,0 2 , 

(Ca F 2 ).* 

Wash and test a 
portion with micro- 
cosmic salt. A white 
powder remaining 
undissolved indi- 
cates Silicic 
Acid J the bead 
becoming blue in- 
dicates Cobalt. 
Examine the re- 
mainder of the pre- 
cipitate for Ni, as in 
Table F. 



METHOD /. Cr is Absent. 
Boil down with a few drops of H NO3 (yellow coloration 

J: u r t x A( j d d J ute j^ S q 4> to; 

Filtrate. 



indicates the presence of Iron), 
again and filter. 

Residue. 



Ba 8 O*, 8r 8 4 ,(Ca 8 O4) 

Proceed as in Table G. III. 
Residue. 



Add equal bulk of Alcohol 
and filter. 
I Filtrate. 



CaS0 4 

Wash, dissolve in water, 
add (N H 4 ) H O and 
(NH 4 ) 2 C,0 4 . White pre- 
cipitate indicates Calcium. 
Confirm by flame reaction. 



is 



* As CaF- .- 
sparingly soluble in 
H CI, it may be 
found in this residue. 
Its presence is de- 
tected by_ inciner- 
ating a portion of the 
residue, and heating 
it with strong 
H a SO4. Evolution 
of H F indicates 
Calcium Flu- 
oride. 



Residue. 



I 
Evaporate to a small bulk, 
dilute with water, cautiously 
add Fe ? Cl6 (until a drop of 
the solution gives a buff- 
coloured precipitate with ' 
(N H4) H O, neutralize 
with NagCC^. add a few- 
crystals of sodium acetate 
and a few drops of acetic 
acid, boil <for 15 minutes, 
and filter the hot liquid. 
I Filtrate. 



1 



Wash with boiling water, 
boil precipitate with Naa C O3, 
filter, acidify the filtrate with 
H CI, add (N H A ) H O till 
alkaline, white precipitate in- 
dicates Aluminium. 
Residue. 



1 

Mn, Zn, Mg f traces o r ! 
CoandNi). Add(NH 4 )HO. '< 
NH 4 U f and(NH 4 ) a S. filter. . 



Filtrate. 



Zn, Mn (traces of Co and 
Ni). Wash, dissolve in H CI, 
and proceed as in Table F. 
Method I. 



1 

Boil down to a small bnlV, 
and add Ns^ H P O4, white 
precipitate indicates Mag- 
nesium. 



L. 

ACID, &c. Separation of Iron, Nickel, Cobalt, Aluminium, 
nesium, in presence of Phosphoric, Boric, and Oxalic Acids. 

alkaline), N H 4 CI and (N H 4 ) 3 S Warm the mixture gently in a flask, shake for 
once with water alone. Treat the precipitate wi'Ji cold dilute H CI, and filter. 

Filtrate. 

* ' ■' ■ ■ i ■ i ■ ■ ■■»■■■■■ »■— — ■■ ■■ ■ »^ 

Cr,Al,Fe,Zn,Mn,Ca,Ba,8r,Mff,H 3 Po 4> H3B03 and H 3 C 3 4 . 

lest small portions for Cr, Fe, H 3 P 4 , H3BO3 and H a C a O4. Adopt 
Method I. if Cr be absent ; Method II. if present. 



\ 



METHOD II. Cr is Present. 

Bwil down with a little K CI O3 till it smells of chlorine. Test for 6a, Sr, and Ca 
ki a portion of the solution, as in 1. To the remainder add Fe a CL, as in I ; 
evaporate down nearly to dryness, dilute with water, add Na- CO3, or K H O, till 
just neutral or slightly acid, when perfectly cold, add Ba C O3 in slight excess, 
place in a small flask, close with a cork, shake well, and allow to settle. Filter. 

Residue. | Filtrate. 



I 

Pe 3 (HO)6, Cr a (HO)* Al,, (HO^ 

Proceed as in Table F., Method II. 
Residue. 



Mn, Zn (traces of Co anrl NJ) 
Proceed as in Table F., Method J I. 



1 

Mn, Zn, Big (traces of Co and Ni). 

Add a few drops of H CI, boil to expel 
, CO* add (NH 4 )HO (till alkaline) 
. N H 4 CI, and (N H 4 ) 3 S. Filter. 



J. 



Filtrate 



I 



Boil with H a S0 4 to remove Ba and Sr. 
Filter, precipitate the Ca in the filtrate 
by adding (NH 4 )HO and (NH 4 ) 9 C, 4 
Filter. Concentrate the filtrate, add 
Na T II P O4, white precipitate indicates 

Magnesium. 
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APPENDIX D. 

TREATMENT OF PLATINUM RESIDUES. 

These residues generally contain the platinum as 
double chloride of potassium or ammonium. Any 
soluble platinum chloride is precipitated by addition 
of ammonium chloride, and the filtered precipitate is 
dried and ignited. The residue is then thoroughly 
washed with hot water, and dissolved by boiling with 
a mixture of three parts of hydrochloric to one of 
nitric acid. It is best to pour off the solution from 
time to time and add fresh acids. When all the 
platinum is dissolved the solution is evaporated nearly 
to dryness ; hydrochloric acid is added (to expel the 
nitric acid), and the liquid is evaporated to complete 
dryness on the water bath. The residue is dissolved 
in water or preserved dry in bottles. 



QUESTIONS AND EXERCISES. 

3. (a) How many grams of oxygen can be obtained 
by heating 1,080 grams of mercuric oxide ? 

(b) Twenty-four grams of oxygen are required ; how 
much mercuric oxide must be heated ? 

A* (a) What is left when potassium chlorate is 
heated ? 

(b) How many grams of potassium chlorate' must 
be heated in order to yield 500 grams oxygen ? 

(c) How much potassium chloride will remain after 
heating 247 grams potassium chlorate ? 

5. How is potassium chlorate distinguished from 
potassium chloride ? 

6. (a) Describe the best means of preparing 
oxygen ? 

(6) The residue in a flask used to prepare oxygen, 
consisted of 13 grams of potassium chloride ; how 
much chlorate had been heated, and how much 
oxygen evolved? 

(c) Why is manganese dioxide mixed with potassiurr 
chlorate in preparing oxygen ? 
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8. (a) What happens when a taper is burned in 
oxygen ? 

(d>) How is the presence of carbon dioxide generally 
ascertained ? 

9. (a) i '4 gram of charcoal containing 96 per cent, 
of carbon is burnt in oxygen ; how much carbon 
dioxide is produced ? 

(6) Contrast the burning of a candle with the breath- 
ing of an animal in air. 

10. How much oxygen is required to burn 42 grams 
of sulphur to sulphur dioxide ? 

11. How much phosphoric anhydride can be ob- 
tained by burning 2*34 grams phosphorus in oxygen, 
and how much phosphoric acid would be obtained by 
dissolving the anhydride in water ? 

13. (a) How much hydrogen can be got by dis- 
solving 15 ounces of zinc in sulphuric acid ? 

(&) Which will yield the greater quantity of hydro- 
gen when dissolved in acids — 162 grams zinc, or 140 
grams iron ? Why ? 

1A. How much water will be formed by burning all 
the hydrogen evolved by dissolving 3*42 grams zinc 
in sulphuric acid ? 

15. How much zinc sulphate should be got by dis- 
solving 1 lb. zinc in sulphuric acid ? 

19. How is nitrogen prepared ? 

81. One hundred grams of potassium nitrate are 
heated with sulphuric acid ; how much nitric acid and 
hydrogen potassium sulphate will be obtained ? 
i* What are the best tests for nitric acid ? 
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(a) How is ammonia gas prepared, and what is 
the residue from its preparation ? 

(b) How much ammonium chloride must be used to 
obtain 291 grams ammonia gas ? 

85. How is ammonia tested for ? 

87. (a) How is ammonium nitrate prepared ? 

(&) How much ammonium nitrate can be got from 
327 grams of nitric acid ? 

88. How much nitrous oxide can be obtained from 
437 grams of ammonium nitrate ? 

89. How can nitrous oxide be distinguished from 
oxygen ? 

30. If 7 grams of copper be acted on with nitric 
acid, how much nitric oxide will be obtained, and how 
much copper nitrate will remain ? 

31. Mention some of the properties of nitric oxide. 
38. (a) How is carbon dioxide prepared from 

marble ? 

(£) How much hydrochloric acid will be needed 
exactly to decompose a kilogram of marble ? 

33. What reaction takes place when carbon dioxide 
and lime-water are brought together ? Give the equa- 
tion. 

34. (a) How is carbon monoxide prepared from 
formic acid, and from oxalic acid ? 

{b) How much carbon monoxide should be obtained 
from 12 grams. oxalic acid? 

35. What happens when a mixture of carbon 
monoxide and dioxide is shaken up with' caustic 
soda? 

M 
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36. (a) Give the equation for the preparation of 
chlorine from common salt, manganese dioxide, and 
sulphuric acid ? 

(b) What is the action of hydrochloric acid on 
manganese dioxide ? 

(c) How much chlorine can be got by heating 560 
grams manganese dioxide with salt and. sulphuric acid ? 

(d) How much can be got by heating the same 
quantity with hydrochloric acid ? 

37. (a) Mention the chief properties of chlorine. 
(&) How does chlorine act as a bleaching agent ? 

38. How much common salt is needed to prepare 
109 kilograms of hydrochloric acid ? 

39. (a) What is meant by " neutralizing n an acid 
solution ? 

(6) What is meant by the terms u acids," u bases," 
and " salts " ? 

40. (a) Give the equation for the preparation of 
bleaching powder from lime and chlorine. 

(p) How much chlorine is needed to convert 5 ton* 
of slaked lime into bleaching powder ? 

41. (a) What happens when each of the following 
acids is brought in contact with calcium hypochlorite, 
sulphuric, nitric and hydrochloric ? 

(6) How can a solution of hypochlorous acid be 
distinguished from a solution of chlorine ? 

42. (a) Give the equation for the preparation of 
iodine from potassium iodide. 

(6) Thirty-seven grams of iodine were obtained ; how 
much potassium iodide was used ? 
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43. What is the best test for free iodine ? 

44. (a) How is sodium iodide prepared? 

(3) How much sodium iodide can be got from 20 
grams of iodine ? t 

45. How much bromine can be got from 85 grams 
potassium bromide ? 

46. How much sodium, bromate and bromide, 
should be obtained by dissolving 97 grams bromine in 
caustic soda ? 

47. (a) How is hydrofluoric acid prepared ? 

(b) What is its action upon glass, and how may it 
be used to etch glass ? 

48. (a) What is the action of strong sulphuric acid 
upon copper ? 

{b) How much sulphuric acid and copper must be 
used to obtain a kilogram of sulphur dioxide ? 

(c) What is the action of sulphur dioxide upon 
nitric acid, and upon potassium chromate solution ? 

50. {a) Describe in detail how sulphuretted hydrogen 
gas is prepared. 

(b) How much ferrous sulphide must be used to 
obtain 42 grams of the gas ? 

51. (a) How does sulphuretted hydrogen serve to 
divide the metals into groups ? 

(b) How could you separate by means of sulphur- 
etted hydrogen a solution containing copper, iron, 
and sodium ? 

52. How is sodium hydrate prepared ? 

54. (a) What is meant by the terms "oxidizing" 

and " reducing " flames ? 

M 2 
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(J?) How is each obtained, and for what is each 
used ? 

55. (a) How would you distinguish, by means of 
the blow-pipe, salts of the following metals — copper, 
cobalt, lead, zinc, antimony, aluminium, chromium, 
and strontium ? 

(b) What happens when mercuric chloride is heated 
on charcoal along with sodium bi-carbonate in the 
blow-pipe flame ? 

56. Name the substance which produces each oi 
the following reactions : — 

(a) Bead brittle, soluble in nitric acid, sulphide 
black. 

(b) No metallic bead, but incrustation of oxide on 
charcoal (brown). 

(c) Bead malleable, soluble in nitric acid ; solution 
• gives with sulphuric acid a white precipitate. 

(d) No metallic bead ; after heating, moistening with 
cobalt chloride and re-heating gives a pink residue. 

(e) Red bead, soluble in nitric acid ; solution becomes 
bright blue on adding ammonia : borax bead blue. 

(/) No metallic bead: borax bead amethyst coloured 
in reducing flame. 

57. (a) How may a Bunsen lamp flame be substituted 
for the flames obtained by the mouth blow-pipe ? 

(b) Which is the hottest part of the Bunsen lamp 
flame, and which part has most reducing power ? 

(c) How are metallic films and metallic beads 
obtained by Bunsen's flame reactions ? 

58. How can arsenic, mercury, thallium, cadmium, 
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gold and platinum be distinguished by Bunsen's flame 
reactions ? 

59. Give Bunsen's reactions for zinc, mercury, bis- 
muth, lead, copper, and iron. 

60. Give Bunsen's tests for phosphorus and sulphur, 
and state the reactions involved' in each. 

61a. Six substances gave the following reactions 
when examined by means of Table A. Name each 
substance. 

(a) Water evolved on heating (reaction acid). Sub- 
stance dissolved in water, and on adding HC1 a gas 
was evolved smelling of burning sulphur. None of the 
group reagents gave a precipitate. Flame coloration, 
yellow. 

(&) Nitrogen tetroxide evolved on heating. Sub- 
stance dissolved in water, and gave a white precipitate 
with hydrochloric acid, soluble in hot water. 

(c) Oxygen evolved on heating. Substance insolu- 
ble in water, but dissolved by heating with hydro- 
chloric acid with evolution of chlorine. No precipi- 
tate with HC1, or with HC1 + H 2 S, but on adding 
(NH 4 )H0 + NH 4 C1 + (NH 4 ) 2 S a flesh-coloured pre- 
cipitate was obtained. 

(d) Carbon dioxide evolved on heating strongly. 
Substance insoluble in water, but on adding HC1 a gas 
was evolved with effervescence, which rendered lime- 
water turbid. No precipitate with the first three 
group reagents, but a white one with (NH 4 ) HO + 
NH 4 CI + (N H 4 ) 2 C 3 . Flame coloration dull 
red. 
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(e) White sublimate on heating. Substance dis- 
solved in water and gave no precipitate with BaG^, 
but a white one with AgN0 3 , insoluble in NHO r No 
precipitate with any of the group reagents, but gave 
a smell of ammonia on heating with NaHO. 

(/) Oxygen evolved on heating. Substance soluble 
in water, gave no precipitate with the first three 
group reagents, but a white one with (NHJ HO + 
NH4CI + (NH^gCOj. Flame coloration green. 

6l£. Six substances gave the following reaction when 
examined by means of Table B. Name each sub- 
stance. 

(a) White and unfused on heating. Yields when 
heated on charcoal with sodium carbonate, a mal- 
leable bead which leaves a black mark on paper. 

(b) Infusible and disappears on heating. Defla- 
grates when heated with potassium nitrate. 

(c) Infusible when heated. Microcosmic salt bead 
colourless. Blue mass after heating on charcoal, 
moistening with CoQ 2 and heating again. 

(d) White and infusible. When heated with H 2 
SO 4 , evolves gas which etches glass. 

(e) Infusible, but darkens in colour on heating. 
Fused with NaHCO s , yields a brittle bead. 

(/) Fused but not volatilized on heating. Yields 
malleable metallic bead when heated on charcoal with 
NaHC0 3 . 



[. (a) Give the four group reagents, and state the 
metals precipitated by each. 
(b) What are the metals of Group V. ? 



QUESTIONS AND EXERCISES. 167 

63. Write out the tests for silver. 

64. Write out the tests for mercurous salts. 

65. (a) Write out the tests for lead. 

(6) How is lead chloride distinguished from the 
chlorides of silver and mercury ? 

(c) Give two methods for separating lead from 
silver and mercury. 

66. How can you separate the metals in a solution 
containing silver, mercury, and lead ? 

67. (a) What happens when H 2 S is added to a 
solution of a mercuric salt ? 

(J?) What is " white precipitate " ? 

68. Why does lead occur both in the silver and 
copper groups ? 

69. (a) What is the action of water on salts of 
bismuth ? 

(&) How is lead chromate distinguished from bis- 
muth chromate ? 

70. (a) What is the action of KCN and of H 2 S0 4 
upon copper sulphide ? 

(fi) What happens when (NH 4 )HO is added to a 
solution of copper sulphate ? 

71. (a) What is the action of KCN and of H 2 S0 4 
upon cadmium sulphide ? 

($) Give two methods for the separation of copper 
from cadmium. 

7ft. (a) Why is the filtrate from the silver group 
boiled down with hydrochloric acid before precipi- 
tating with H 2 S ? 

(fi) What is the action of (NH^jSj on the sul- 
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phides of the following metals — lead, antimony, 
copper, bismuth, tin, and <^^™nm ? 

(c) What b the action of nitric acid upon sulphides 
of copper, mercury, bismuth, and cadmium ? 

73. (a) What reactions take place when mercuric 
chloride is added to stannic chloride and stannous 
chloride ? 

(£) How is purple of Cassius obtained ? 

74. (a) What is the reaction of zinc upon an acid 
solution of antimony contained in a platinum vessel ? 

(6) Describe Marsh's test for antimony. 
(c) What is the action of sulphuretted hydrogen 
upon an antimony mirror ? 

75. (a) What is the action of silver nitrate upon an 
acid, neutral, and alkaline solution of arsenious 
acid? 

(b) Give the formula of Scheele's green, and state 
how it may be obtained. 

(c) Describe Marsh's test for arsenic, and point out 
how it serves to distinguish that metal from antimony. 

(d) Describe Reinsch's test for arsenic. 

(e) Mention several ways of distinguishing an anti- 
mony from an arsenic mirror. 

(/) State all the dry reactions for arsenic 

76. (a) What is the action of ammonium carbonate 
upon the sulphides of arsenic, antimony, and tin ? 

(b) How is tin separated from antimony ? 

77. (a) How is Prussian blue obtained, and what is 
its formula ? 

{b) How is Turnbull's blue obtained ? 
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(c) How are ferrous and ferric salts distinguished 
1 by the ferro- and ferri-cyanides of potassium ? 

! 78. (a) When a solution of the metals of the iron 

group is precipitated with ammonium sulphide, what 
I causes the filtrate to have a brown colour ? 

{b) What are the blow-pipe tests for nickel ? 

79. (a) What is the action of potassium cyanide 
• upon solutions of nickel and cobalt? 

(b) How would you separate a solution of the 
chlorides of nickel and cobalt ? 

(c) What is the action of potassium nitrite upon 
solutions of nickel and cobalt ? 

SO. How can a solution of zinc hydrate in caustic 
potash be re-precipitated ? 

Si. (a) How can a solution of aluminium hydrate in 
caustic potash be re-precipitated ? 

(p) How can you distinguish between the hydrate 
and phosphate of aluminium ? 

82. (a) What happens when ammonia is added to a 
solution of manganese containing ammonium chloride ? 

(b) What substance is formed when manganese 
compounds are fused with a mixture of potassium 
nitrate and carbonate ? 

(c) How would you separate a solution containing 
the nitrates of iron, zinc, and manganese ? 

S3, (a) How would you separate analytically a 
solution of nickel, cobalt, and chromium ? 

(£) How would you separate analytically a solution 
containing iron, zinc, chromium, and manganese ? 

84. (a) What is the action of hydrochloric acid 
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upon the sulphides of iron, zinc, nickel, manganese, 
and cobalt ? 

(J?) What is the action of barium carbonate upon a 
cold solution of each of the following metals — iron, 
nickel, zinc, chromium, and manganese ? 

(c) How is aluminium distinguished from zinc ? 
Mention three characteristic tests for barium- 
How is strontium distinguished from barium ? 

87. How are strontium and calcium distinguished 
from each other ? 

88. (a) What is the action of strong alcohol upon 
the chlorides of barium and strontium, and upon the 
nitrates of strontium and calcium ? 

(p) How are barium, strontium, and calcium sepa- 
rated from each other ? 

(c) What is the action of acetic acid upon the 
chromates of barium and strontium ? 

89. What are the tests for magnesium ? 

90. What is precipitated on adding platinum chlo- 
ride to potassium chloride ? Give its formula. 

91. (a) What is the action of platinum chloride 
upon ammonium chloride ? Give its formula. 

(b) How are ammonium salts distinguished from 
those of potassium ? 

92. How are potassium salts distinguished from 
those of sodium ? 

93. Describe how magnesium, potassium, sodium, 
and ammonium are separated. 

94* How are organic and inorganic acids dis- 
tinguished ? 
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05. Write out the acids which occur in each of the 
four groups into which inorganic acids are divided. 

96. How are sulphates detected by the blow-pipe ? 

07. What happens when sulphuric acid is heated 
with silico-fluorides ? 

98. (a) How does sodium phosphate behave with 
solutions of the following reagents — magnesium sul 
phate, lead acetate, ferric chloride, and ammonium 
molybdate ? 

(#) How is phosphoric acid separated from solu- 
tions of phosphates insoluble in water ? 

(c) Give the distinguishing tests for ortho-, pyro-, 
and meta-phosphoric acids. 

09; How is borax recognized by a flame reaction ? 

100. (a) What reaction takes place when calcium 
chloride solution is added to an oxalate, and what 
happens when the resulting substance is ignited ? 

(6) How are oxalates distinguished from phos- 
phates ? 

101. What is the most characteristic test for 
fluorides ? 

10a. What is the most characteristic test for car- 
bonates ? 

103. How is silicic acid obtained from a soluble 
silicate, and how is it converted into silicon dioxide ? 

104. State how chromic, arsenious, sulphurous, 
iodic, and arsenic acids are detected in the examina- 
tion for bases. 

105. How is sulphurous converted into hydro- 
sulphuric acid ? 
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106. How are sulphites distinguished from hypo- 
sulphites ? 

108. How is arsenious distinguished form arsenic 
acid? 

109. What is the effect of heat upon iodates, and 
upon iodic acid ? 

lio. What happens when sulphur dioxide is passed 
through a solution of potassium chromate ? 

111. How is chromium oxychloride prepared from 
common salt and potassium bichromate ? 

112. (a) How is bromine liberated from its com- 
pounds, and how is its presence recognized ? 

(b) What happens when bromides are distilled with 
manganese dioxide and sulphuric acid ? 

113. {a) How is iodine liberated from potassium 
iodide, and how is its presence recognized ? 

(6) How can you detect chlorides, bromides, and 
iodides in presence of each other ? 

114. (a) How is silver chloride distinguished from 
silver cyanide ? 

(b) How may ammonium sulpho-cyanide be obtained 
from sodium cyanide, and from mercuric cyanide ? 

115. (a) How is hypochlorous acid obtained from 
calcium hypochlorite ? 

(6) Give equations for the reactions which occur 
when hydrochloric acid and sulphuric acid act upon 
sodium hypochlorite. 

116. What are the tests for nitrous acid ? 

117. How is free sulphuretted hydrogen obtained 
from sulphides, and how is it recognized ? 
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118. Give all the reactions for nitric acid. 

119. (a) How is chloric distinguished from nitric 
acid? 

(b) How is anhydrous perchloric acid obtained ? 

(c) How are perchlorates distinguished from chlo- 
rates ? 

ISO. (a) How is arsenious separated from phos- 
phoric acid ? 

(b) Name the acids whose silver salts are insoluble 
in nitric acid. 

(c) How are acids detected in insoluble bodies ? 

(d) How can barium sulphate be decomposed ? 

121. State the group reagents of the organic acids, 
and show how they are divided into groups. 

122. What is the action of caustic potash upon 
calcium tartrate ? 

123. How is tartaric distinguished from citric acid ? 
Give two methods. 

125. How are succinic and benzoic acids distin- 
guished ? 

127. What is the difference between the action of 
silver nitrate upon ferro- and upon ferri-cyanides ? 

129. Name the distinguishing tests for formic and 
acetic acids. 

130. How is a soap formed from stearic acid, and 
how may the fat be separated ? 

131. What reactions are produced by ferric chloride, 
and iodic acid upon morphine ? 

132. How is morphine separated from meconic acid? 

133. Name the characteristic tests for strychnine. 
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134-. How is brucine distinguished from strychnine ? 

136. How are quinine and cinchonine distinguished 
from each other ? 

137. Name the tests for uric acid. 

138. Name the tests for urea. 

140. How is cane sugar distinguished from grape 
sugar, and how may it be converted into the latter ? 

141. Name the tests for albumin. 

142. What is the most characteristic test for 
starch ? 

144. How are tannic and gallic acids distinguished 
from each other ? 

145. How are carbon, hydrogen, and nitrogen 
detected in organic bodies? 

14-6. (a) How would you separate a mixture of 
citric, tartaric, and oxalic acids ? 

(6) How would you separate a mixture of citric, 
benzoic, and formic acids ? 

148. Name the rare metals precipitated in the 
silver, copper, arsenic, iron, and potassium groups. 

149. Name the tests for tungsten. 

150. Give the formula of the substance produced 
by adding platinum chloride to solutions of thallium. 

151. What reactions are produced by iodide and 
chloride of potassium in palladium solutions ? 

152. What reaction takes place when caustic potash 
is added to rhodium salts ? 

153. What is the most characteristic test for 
osmium compounds ? 

155. Name the most characteristic tests for gold. 
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156. Name the most characteristic tests for platinum. 

157. What is the action of ferrous sulphate upon 
iridium salts ? 

158. How does sodium phosphate react upon 
molybdenum salts ? 

160. How is selenium distinguished from tellurium ? 

161. What is the blowpipe test for uranium com- 
pounds ? 

163. How is beryllium distinguished from alumi- 
nium ? 

167. How are cerium, lanthanum, and didymium 
distinguished? 

168. What happens -when zinc is added to solutions 
of titanium salts ? 

169. (a) How is ammonium vanadate obtained ? 
(b) What is the action of oxalic acid, sulphur dioxide, 

and zinc upon acid solutions of vanadium pentoxide ? 

170. What reaction is produced by sodium phos- 
phate on lithium salts ? 

172. How are caesium and rubidium distinguished 
from each other and from potassium ? 



INDEX. 



Acetic add, reactions of, 132, 133 
Acids, bases, and salts, 30 
Acids, grouping of the inorganic, 97 
Albumen, reactions of, 130 
Aluminium, reactions of, 85 
Ammonia, preparation of, 16 

properties of, 18 

residue from preparation of, 18 
Ammonium, reactionsiof, 95 ^ 
Ammonium nitrate, preparation of, 19 
Antimony, reactions of, 73 
Arsenic, dry reactions for, 78 

reactions of, 76 
Arsenic acid, reactions of, 107 
Arsenious acid, reactions of, to6 

B. 

Barium, reactions of, 90 
Benzoic acid, reactions of, 121 
Beryllium, reactions of, 145 
Bismuth, reactions of, 67 
Blow-pipe reactions, 43 

confirmatory tests, 44 

use of, 41 
Boric acid, reactions of, 102 
Bromine, preparation of, 34 

properties of, 34 
Bruane, reactions of, 137 
Bunsen's flame reactions, 46 



Cadmium, reactions of, 69 
Caesium, reactions of, 149 
Calcium, hypochlorite, preparation 

31 



Calcium, reactions of, 91 
Cane sugar, reactions of, 129 > 
Carbon, detection of, in organic bodies. 

132 
Carbonic acid, reactions of, 104 
Carbon dioxide, preparation of, 22 

properties of, 23 
Carbon monoxide, preparation of, 24 

properties of, 24 
Casern, reactions of, 131 
Cerium, reactions of, 146 
Chloric acid, reactions of, 113 
Chlorine bleaching action of, 28, 31 

detection of, in organic bodies, 13a 

preparation of, 26 

properties of, 27 
Chofesterine, reactions of, 129 
Chromic acid, reactions of, 107 
Chromium, reactions of, 87 
Cinchonine, reactions of, 128 
Citric acid, reactions of, 120 
Cobalt, reactions of, 84 
Copper, reactions of, 68 

D. 
Didymium, reactions of, 147 

E. 

Elements, table of the, with their 
symbols and combining weights, 
Appendix A, 15* 



F. 



Fbrri-cyanic add, reactions of, 
Ferric salts, reactions of, 82 
Ferro-cyamc add, reactions of, 123 
Ferrous salts, reactions of, 81 
Formic add, reactions of, 124 



2» 



N 



i7b 



INDEX. 



Gallic acid, reactions of, 131 
Gold, reactions of, 14X 
Grape sugar, reactions of, 129 

H, 

Hydriodic acid, reactions of, zzo 
Hydrobromic acid, reactions of, 109 
Hydrochloric acid, preparation of, 28 

properties of, 30 

reactions of, 108 
Hydrocyanic acid, reactions of, 111 
Hydrofluoric acid, preparation of, 35 

properties of, 35 

reactions of, 103 
Hydro-fluosilicic acid, reactions of, 99 
Hydrogen ; detection of, in organic 
bodies t 132. 

preparation of, 9 

properties of, 11, 1a 

residue from preparation of, ix 
Hydro-sulphuric acid, reactions of, 113 
Hypochlorous acid, preparation of, 31 

reactions of, 112 
Hypo-sulphurous acid, reactions of, 106 



Indium, reactions of, 144 
Iodic acid, reactions of, 107 
Iodine, preparation of, 32 

properties of, 32 

tests for, 33 
Iridium, reactions of, 142 
Iron, reactions of, 81 

L. 

Lanthanum, reactions of, 146 
Lead, reactions of, 64, 67 
Lithium, reactions of, 148 

M. 

Magnesium, reactions of, 9* 
Malic acid, reactions of, 120 
Manganese, reactions of, 86 
Marsh's test for antimony, 73 

for arsenic, 77 
Meconic acid, reactions of, 125 



Mercuric salts, reactions oi, 66 
Mercurous salts, reactions of, 63 
Metallic beads, 48 
Metallic films, 48 
Metals, grouping of the, 60 
Metaphosphoricacid, reactions of, tot 
Molybdenum, reactions of, 143 
Morphine, reactions of, 125 

N. 

Nickel, reactions of 83 

Nitrates, tests for, 16 

Nitric acid, preparation of, 14 

reactions of, 15, 2x3 
Nitrogen, preparation of, xa 

properties of, 13 

detection of, in organic bodies, 13a 
Nitrogen dioxide, preparation of, 20 

properties of, ax 
Nitrogen monoxide, preparation of, 19 

properties of, ao 
Nitrous acid, reactions of, 1x2 



Opium solutions, reactions of, 126 
Organic acids, grouping of the, 118 
Osmium, reactions of, 140 
Oxalic acid, reactions of, 102 
Oxidation by blow-pipe, 42 
Oxidizing flame, 41 
Oxygen, combustions in, 5 to 8 

preparation of, from potassium 
chlorate and manganese dioxide, 

from mercuric oxide, 2 
from potassium chlorate, 3 
presence of, in air, 9 
residue from preparation of, 5 



Palladium, reactions of, 139 
Perchloric acid, reactions of, 1x4 
Phosphoric acid, reactions of, zoo 
Phosphorus, blow-pipe test for, 54 

detection of, in organic bodies, 133 
Platinum, reactions of; 141 

residues, treatment of, Appendix 
D, 158 



INDEX. 



179 



Potassium,, reactions of, 94 
Pyrophosphoric acid, reactions of, 101 

Q. 

Quinine, reactions of, 137. 

R.. 

Rasb metals, grouping of ihe, 137 
Reducing flame, 41 
Reduction by blow-pipe, 4a 
Rhodium, reactions of, 139 
Rubidium, reactions of, 149 
Ruthenium, reactions of, 140 

S. 

Sblbnium, reactions of, 143 
Silicic acid, reactions of. 104 
Silver group ; metals of the, 63 
Silver* reactions of, 63 
Silver residues, treatment of, Appciulix 

C.X55 

Single salts, preliminary examination 

of, 55 

Sodium bromide, preparation of, 35 

properties or, 35 
Sodium hydrate, preparation of, 39 

properties of, 40 
Sodium iodide, preparation of, 33 

properties of, 33 
Sodium, reactions of, 95 
Stannic salts, reactions of, 72 
Stannous salts, reactions of, 73 
Starch, reactions of, 131 
Stearic acid, reactions of, 124 
Stirring rods, x 
Strontium, reactions of, 90 
Strychine, reactions of, 126 
Succinic acid, reactions of, 121 
Sulpho-cyanic acid, reactions 01, 123 
Sulphur, blow-pipe test for, 55 
Sulphur dioxide, preparation of, 36 
Sulphui, detection of, in organic 
bodies, i33f 

Sropertjes of, 37 
uretted hydrogen, preparation of, 

properties of, 38 



Sulphuric acid, reactions of, 09 
Sulphurous acidi reactions of, 105 

T. 

Table A, examination of soluble single 
salts, 56 

B, examination of insoluble sub- 
stances, 58 

C, separation of silver group, 65 

D, „ copper „ 70 
£, „ arsenic „ 80 
F, „ iron „ 88 
1, „ calcium ,. 92 
H, ., potassium,, 96 
J. detection of inorganic acids, 115 
K, separation of organic acids 134 
L, iron in presence of phosphate, 

«5$t 157 

Table of the elements, with their sym- 
bols and combining weights. Ap- 
pendix A- 151 

Tannic acid, reactions of, 131 

Tartaric acid, reactions of, 1 19 

Tellurium, reactions of, 143 

Thallium, reactions of, 138 

Titanium, reactions of, 147 

Tungsten, reactions of, 138 

U. 

Uranium, reactions of, 144 
Urea, reactions of, 129 
Uric acid, reactions of, 128 

V. 

Vanadium, veactions of, 148 

W. 

Wash bottle, 1 

Weights and measures, Appendix B, 
'54 



Zinc, reactions of, 85 
Zirconium, reactions of, 145 
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and Vocabulary, by A. S. "Walpole, M. A. [In the press. 

THE SECOND AND THIRD CAMPAIGNS OF 
THE GALLIC WAR. Edited by W. G. Rutherford, 
M.A., Balliol College, Oxford, and Assistant-Master at St. 
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SCENES FROM THE FIFTH AND SIXTH BOOKS 
OF THE GALLIC WAR. Selected and Edited by 
C. Colbeck, M.A., Fellow of Trinity College, Cambridge, 
and Assistant-Master at Harrow. [Ready. 

CICERO. SELECT LETTERS. Edited by Rev. G. E. Jeans, 
M.A., Fellow of Hertford College, Oxford, and Assistant- 
Master in Haileybury College. [In t At press. 

50, 000.4.8a. 
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EUBIPXDB8. HECUBA. Edited by Rev. John Bond, M.A., 
and A. S. Walpolb, M. A. [In the press. 

GRBBK TBSTAMBNT. Selections. Edited by Rev. G. F. 
Maclear, M.A., D.D., Warden of St. Augustine's College, 
Canterbury. [In preparation. 

HBBODOTU8. Selections from Books VXX. and VXXX. 

THE EXPEDITION OF XERXES. Edited by A. H. 
Cooke, B.A., Fellow of King's College, Cambridge. 

[Ready. 

HOMBR'8 ILIAD. BookXVXXX. THE ARMS OF ACHIL- 
LES. Edited by S. R. James, M. A., Scholar of Trinity Col- 
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HOBAOB. THE FIRST BOOK OF THE ODES. Edited 
by T. E. Page, M.A., late Fellow of St. John's College, Cam- 
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Editor. [Ready. 

THE THIRD BOOK OF THE ODES. By the same 
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SELECT EPODES AND ARS POETIC A. Edited 
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SELECTIONS FROM THE EPISTLES AND 
SATIRES. Edited by Rev. W. J. F. V. Baker, B.A., 
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Master at Marlborough. [Ready. 
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By G. C. Macaulay, M.A., Assistant - Master at Rugby, 
formerly Fellow of Trinity College, Cambridge. [Ready- 

THE LAST TWO KINGS OP MACEDON. SCENES 
FROM THE LAST DECADE OP LIVY. Selected and 
Edited by F. H. Rawlins, M. A., Fellow of King's College, 
Cambridge, and Assistant-Master at Eton. [In preparation. 
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0?ID. SELECTIONS. Edited by E. S. Shuckburgh, M. A., 
late Fellow of Emmanuel College, Cambridge, and Assistant- 
Master at Eton. [Ready, 

PLATO. EUTHYPHRO AND MENEXENUS. Edited by 
C. E. Graves, M.A. [Ready. 

THB GREEK ELEGIAC POSTS. Selected and Edited by Rev. 
Herbert Kynaston, M.A., Principal of Cheltenham Col- 
lege, and formerly Fellow of St. John's College, Cambridge. 

[Ready. 

THUOYDIDES, Book IV. Ch. 1-41. THE CAPTURE OF 
SPHACTERIA. Edited by C. E. Graves, M.A., Classical 
Lecturer and late Fellow of St. John's College, Cambridge. 

[Ready. 

THE RISE OF THE ATHENIAN EMPIRE. Book I., 
cc. 89-118 and 128-138. Edited by F. H. Colson, B.A., 
Fellow of St. John's College, Cambridge, and Assistant- 
Master at Clifton College. [In preparation. 

VERGIL. THE SECOND GEORGIC. Edited by Rev. J. H. 
Skrine, M.A., late Fellow of Merton College, Oxford, and 
Assistant-Master at Uppingham. [Ready. 

VIRGIL'S 2BNBID. I. With Notes and Vocabulary. By 
A. S. Walpole, M.A. [In the press. 

VIRGIL THB FIFTH JBNBID. THE FUNERAL GAMES. 
Edited by Rev. A. Calvert, M. A., late Fellow of St. John's 
College, Cambridge. With Vocabulary. [Ready. 

XBNOPHON. ANABASIS. Book I. With Notes and 
Vocabulary. By A. S. Walpole, M.A. [In the press. 



MACMILLAN'S CLASSICAL SERIES FOR 
COLLEGES AND SCHOOLS. 

Fcap. 8vo. 

Being select portions of Greek and Latin authors, edited 
with Introductions and Notes at the end, by eminent 
scholars. The series is designed to supply first-rate text- 
books for the higher forms of Schools, having in view 
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also the needs of Candidates for public examinations at tfco 

Universities and elsewhere. 

The following volumes are ready : — 

2B8CHYLUS— PBBSJB. Edited by A. O. PRICKARD, M.A., 
Fellow and Tutor of New College, Oxford. With Map. 3s. 6d. 

CATULLUS— 8BLBOT POBMS. Edited by F. P. SIMPSON, 
B.A., late Scholar of Balliol College, Oxford. New and 

revised Edition. $s. 

CICERO— THB SECOND PHILIPPIC OBATION. From 
the German of Karl Halm. Edited, with Corrections and 
Additions, by John E. B. Mayor, Professor of Latin in the 
University of Cambridge, and Fellow of St John's College. 
New edition, revised. . £r. 

THB CATILINE OBATION8. From the German of Karl 
Halm. Edited, with Additions, by A. S. Wilkins, M.A., 
Professor of Latin at the Owens College, Manchester. New 
edition. 3*. 6d. 

THB AOADBMICA. Edited by JAMES RUD, M.A., 
x Fellow of Cains College, Cambridge. 4*. 6d. 

PRO LEGE MANILIA. (Edited after HALM by Prof. 
A. S. Wilkins. M.A. 3*. 6d. 

PRO ROSCIO AMBBINO. Edited after Halm. By E. 
H. Donkin, M.A., late Scholar of Lincoln College, Oxford. 
Assistant-Master at Uppingham. 4J. &/. 

DEMOSTHENES— THE OBATION ON THB CROWN. 

Edited by B. Drake, M.A., late Fellow of King's College, 
Cambridge. Sixth and revised edition. 41. 6d. 

ADVERSUS LEPTINEM. Edited by Rev. J. R. KING, 
M. A., Fellow and Tutor of Oriel College, Oxford. 4s. 6d. 

EURIPIDES— HIPPOLYTUS. Edited by J. P. MAHAFFY, M. A., 
Fellow and Professor of Ancient History in Trinity College, 
Dublin, and J. B. Bury, Scholar of Trinity College, Dublin. 
3j. 6d. 

HOMER'S ILIAD— THB STORY OF ACHILLES. Edited 
by the late J. H. Pratt, M.A., and Walter Leaf, M.A., 
Fellows of Trinity College, Cambridge. 6s. 
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HOMBR'S ODYSSEY— THE NARRATIVE OP ODYS- 
SEUS, Books IX.— xxi. Edited by John E. B. Mayor, 
M.A. Part I. 3*. 

JUVENAL— SELECT SATIRES. Edited by John E. B. 
Mayor, Fellow of St. John's College, Cambridge, and 
Professor of Latin. Satires X. and XI. 3;. 6d. Satires XII. — 
XVI. 4s. 64. 

LIVY— HANNIBAL'S FIRST CAMPAIGN IN ITALY, 
Books XXI. and XXII. Edited by the Rev. W. W. 
Capes, Reader in Ancient History at Oxford. With 3 
Maps. 5*. 

Books II. and III. Edited by Rev. H. M. Stephenson, 
M.A., Head-Master of St Peter's School, York. 5*. 

MARTIAL— SELECT EPIGRAMS. Edited by Rev. H. M. 
Stephenson, M.A., Head-Master of St. Peter's School, 
York. 6s. 

OVID— FASTI. Edited by G. H. Hallam, M.A., Fellow of 
St John's College, Cambridge, and Assistant-Master at 
Harrow. With Maps $s. 

HEROIDUM EPISTULJE XIII. Edited by E. S. 
Shuckburgh, M.A. 4s. 6d. 

PLAUTTJS— MILES GLORIOSUS. Edited by R. Y. TYRRELL, 
M.A., Fellow and Professor of Greek in Trinity College, Dublin. 

5*. 
PLINY'S LETTERS— Book III. Edited by Professor John E. 
B. Mayor. With life of Pliny, by G. H. Rendall, M.A. 
Fcap. 8vo. 5j. 

PLUTARCH — LIFE OF THEMISTOKLES. Edited 
by Rev. H. A. Holden, M.A., LL.D., Head Master of 
Ipswich School ; some time Fellow of Trinity College, Cam- 
bridge; Editor of "Aristophanes," &c. $s. 

PROPBRTIU8— SELECT POEMS. Edited by J. P. Post- 
gatk, M.A., Fellow of Trinity College, Cambridge. 6s. 

SALLUST— CATILINE and JUOURTHA. Edited by C 
Mk&IVALK, B.D. New edition, carefully revised and en- 
larged, v* && & separately 2/. 6d. each. 
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TACITUS— AQRICOLA and OERMANIA. Edited by A. J. 

Church, M.A., and W. J. Brodribb, M.A.* Translators of 

Tacitus. New edition. $s. 6d. Or separately 2J. each, 

THE ANNALS, Book VI. By the same Editors. 2s. fc/. 
TBRBNCB— HAUTON TIMORUMBNOS. Edited by E. S. 

Shuckburgh, M.A., Assistant-Master at Eton College. 3*. 

With Translation, 4*. 6/. - 

PHORMIO. Edited by Rev. John Bond, M.A., and 

A. S. Walpole, B.A. 4J. 6d. 
THUCYDIDBS — THE SICILIAN EXPEDITION, Books* 

VI. and VII. Edited by the Rev. Pkrcival Frost, M. A., 

Late Fellow of St John's College, Cambridge. New edition, 

revised and enlarged, with Map. $J. 
VIRGIL— JBNEID, II. and III. The Narrative of iEneas. 

Edited by E. W. Howson, M.A., Fellow of King's 

College, Cambridge, and Assistant-Master at Harrow. 3*. 
XBNOPHON— HBLLENICA, Books I. and II. Edited by 

H. Hailstone, B.A., late Scholar of Feterhonse, Cambridge. 

With Map. 4*. 6/. 

CYROPJBDIA, Books VII. and VIII- Edited by Alfred 

Goodwin, M.A., Professor of Greek in University College, 

London. $s. 

MEMORABILIA SOCRATIS. Edited by A. R. Cluer, 

B.A. Balliol College, Oxford. 6s. 

THB ANABASIS-Books I. to IV. Edited with Notes by 

Professors W. W. Goodwin and J. W. White. Adapted to 
Goodwin's Greek Grammar. With a Map. Fcap. 8vo. 51. 

The following are in preparation .— 
JBSCHINBS-IN CTESIPHONTEM. Edited by Rev. T. 
Gwatkin, M. A., late Fellow of St. John's College, Cambridge. 

[In the press, 

CICERO-PRO P. SESTIO. Edited by Rev. H. A. Holden, 
M.A., LL.D., Head-Master of Ipswich School, late Fellow 
and Assistant Tntor of Trinity College, Cambridge, Editor 
of Aristophanes, &c. 

DBKOSTHBNB8— FIRST PHILIPPIC. Edited by Rev. 
T. Gwatkin, M.A., late Fellow of St John's College, 
Cambridge. 
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BURIPIBPS— SELECT PLAYS, by various Editors. 

ALCESTIS. Edited by J. E. C. Wmxdon, B.A., FeDow 
and Lecturer of King's College, Cambridge. 
BACCHAB. Edited by E. S. Shuckburgh, M. A., Assistant- 
Master at Eton College. 

MBDEA. Edited by A. W. Verkall, M.A., Fellow and 
Lecturer of Trinity College, Cambridge. 
IPHIGBNBIA IN TAUBXS. Edited by E. B. ENGLAND, 
M. A., Lecturer at the Owen's College, Manchester. 
HBRODOTTJ8-THB INVASION OF GREECE BY XEBXB8. 

Books VII. and VIII. Edited by Thomas Case, M.A., 
formerly Fellow of Brasenose College, Oxford. 

HOMER'S ODYSSEY-Book* XXI.— XXIV. Edited by S. G. 
Hamilton, B.A., Fellow of Hertford College, Oxford. 

[In the press. 

HORACE— THB ODBS. Edited by T. E. Page, M. A., Master at 
Charterhouse and late Fellow of St. John's College, Cambridge. 

THE 8ATIBBS. Edited by Arthur Palmer, M.A., 

Fellow and Professor of Latin in Trinity College, Dublin. 

[In the press. 

THE EPISTLES AND ARS POETIC A. Edited by Pro- 
fessor A. S. Wilkins, M.A. 

MVY— Books XXIII. and XXIV. Edited by Rev. W. W. 
Capes, M.A. 

THB SAMNITB WARS as narrated in the First Decade of 
Livy. Edited by Rev. T. H. Stokoe, D.D., Lincoln College, 
Oxford, Head-Master of King's College School, London. 

LTJCRETIUS-Books I. to III. Edited by J. H. Warburton 
Lee, B.A., late Scholar of Corpus Christi College, Oxford, 
and Assistant-Master at Rossall. 

LYSIAS— SELECT ORATIONS. Edited by E. S. SHUCK- 
BURGH, M.A., Assistant-Master at Eton College. [In the press. 

PItATO— MENO. Edited by E. S. Thompson, M.A., Fellow 
of Christ's College, Cambridge. 

APOLOGY AND CRITO. Edited by F. J. H. JENKINSON, 
M.A., Fellow of Trinity College, Cambridge. 
THB REPUBLIC. Books I.— V. Edited by T. H. 
Wa&rsn, M.A., Fellow of Magdalen College, Osfocd. 
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80PH00LBS— ANTIOOira. Edited by Rev. JOHN BOND, 
M.A., and A. S. Walpolb, M. A. 

TACITUS—THE HISTORY. Books I. and II. Edited by C. 
E. Graves, M.A. 

THUCYDIDES— Books I. and II. Edited by H. Broadbent, 
M.A., Fellow of Exeter College, Oxford, and Assistant- 
Master at Eton College. 

Books III. IV. and V. Edited by C. E. Graves, M.A., 
Classical Lecturer, and late Fellow of St. John's College, 
Cambridge. (To be published separately.) 

Other volumes will follow, 

CLASSICAL. 

JB8CHYI.US— THE EUMENIDES. The Greek Text, with 
Introduction, English Notes, and Verse Translation. By 
Bernard Drake, M.A., late Fellow of King's College, 
4 Cambridge. 8vo. 5*. 

THE ORESTEIAN TRILOGY. Edited, with Introduction 
and Notes, by A. O. Prickard, M. A., Fellow and Tutor of 
New College, Oxford. 8vo. [In preparation. 

ANTONINUS, MARCUS AURELIUS— BOOK IV. OF THE 
MEDITATIONS. The Text Revised with Translation and 
Notes. By Hastings Crossley, M.A., Professor of Greek 
in Queen's College, Belfast 8vo. 6>. 

ARATUS— THE SKIES AND WEATHER-FORECASTS 
OF ARATUS. Translated with Notes by E. Poste, M.A., 
Oriel College, Oxford. Crown 8vo. 3*. 6d. 

ARISTOTLE— AN INTRODUCTION TO ARISTOTLE S 
RHETORIC. With Analysis, Notes, and Appendices. By 
E. M. Cope, Fellow and Tutor of Trinity College, Cambridge, 
8vo. 14;. 

ARISTOTLE ON FALLACIES; 0R t THE SOPHISTIC I 
ELENCHI. With Translation and Notes by E. Posts, M. A. 
Fellow of Oriel College, Oxford. 8vo. &r. 6d. 

THE METAPHYSICS. BOOK I. Translated by a Cam- 
bridge Graduate. 8vo. 5*. [Both II. m preparation. 



CLASSICAL. 



ARISTOTLE Continued— 

THE POLITICS. Edited, after Susemihl, by R. D. Hicks, 

M.A., Fellow of Trinity College, Cambridge. 8vo. 

[In the press, 

THE POLITICS, Translated by J. E. C. Welldon, M.A., 
Fellow of King's College, Cambridge. 8vo. [In preparation. 

ARISTOPHANBS— THE BIRDS. Translated into English 
Verse, with Introduction, Notes, and Appendices, by B. H. 
Kennedy, D.D., Regius Professor of Greek in the University 
of Cambridge. Crown 8vo. 6s. Help-Notes to the same, 
for the use of Students, is. 6d. 

ARNOLD— .4 HANDBOOK OF LATIN EPIGRAPHY— 
By W. T. Arnold, B.A. [In preparation. 

THE ROMAN SYSTEM OF PROVINCIAL AD- 
MINISTRATION TO THE ACCESSION OF CON 
STANTINE THE GREAT. Crown 8vo. 6s. 

"Ought to prove a valuable handbook to the Student of Roman His- 
tory." — Guardian. 

BELCHER— SHORT EXERCISES IN LATIN PROSE 
COMPOSITION AND EXAMINATION PAPERS IN 
LATIN GRAMMAR, to which is prefixed a Chapter on 
Analysis of Sentences. By the Rev. H. Belcher, M.A., 
Assistant Master in King's College School, London. New 
Edition. i8mo. is. 6d. 
Key to the above (for Teachers only). 2s. 6d. 
SHORT EXERCISES IN LATIN PROSE COMPOSI- 
TION. PART II., On the Syntax of Sentences, with an 
Appendix including, EXERCISES IN LA TIN IDIOMS, 
<&v. i8mo. 2j. 

BI^VCKIE— GREEK AND ENGLISH DIALOGUES FOR 
USE IN SCHOOLS AND COLLEGES. By John 
Stuart Blackie, Professor of Greek in the University of 
Edinburgh. New Edition. Fcap. 8vo. 2s. 6d. 

CICERO— THE ACADEMICA. The Text revised and explained 
by James Reid, M.A., Fellow of Caius College, Cambridge. 
New Edition. With Translation. 8vo. [In the press. 

THE ACADEMICS. Translated by James S. Reid, M.A. 
8vo. $s. 6d. 
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OICERO Continued— 

SELECT LETTERS.— Afar the Edition of Albert 
Watson, M.A. Translated by G. E. Jeans, M.A., Fellow 
of Hertford College, Oxford, and Assistant-Master at Hailey- 
bmy. 8m ioj. 6d. 

CLASSICAL WBXTBRfl. Edited by J. R. Green, M.A, 
Fcap. 8vo. i*. 6d. each. 

A Series of small volumes upon some of the principal 
classical writers, whose works form subjects of study in our 
Schools. 

EURIPIDES. By Professor J. P.Mahaffy. [Ready. 

LIVY. By Rev. W. W. Capes, M.A. [Ready. 

SOPHOCLES. By Prof, Lewis Campbell. [Ready. 

VERGIL. By Professor H. Nettleship. [Ready. 

DEMOSTHENES. By S. H. Butcher, M. A. [Ready. 

TACITUS. By A. J. Church, M.A., & W. J. Brodribb, 

M.A. [Ready. 

CICERO. By Professor A. S. Wilkins. 1 T 4> r£ 6aratun 
HERODOTUS. By James Bryce, M.A. J p ^ 

BUI8- PRACTICAL HINTS ON THE QUANTITATIVE 
'PRONUNCIATION OF LATIN, for the use of Classical 
Teachers and Linguists. By A. J. Ellis, B.A., F.R.S. 
Extra fcap. Svo. \s. 6d. 

ENGLAND— EXERCISES ON LATIN SYNTAX AND 
IDIOM, ARRANGED WITH REFERENCE TO 
ROBY'S SCHOOL LATIN GRAMMAR. By E. B. 
England, M.A., Assistant Lecturer at the Owens College, 
Manchester. Crown 8vo. 2s. 6d. Key, for Teachers only, 
2s. 6d. 

EURIPIDES— MEDEA. Edited, with Introduction and Notes, by 
A. W. Verrall, M.A-, Fellow and Lecturer of Trinity 
College, Cambridge. 8vo. 7*. 6d. 

QBDDS8— THE PROBLEM OF THE HOMERIC POEMS. 
By W. D. Geddes, Professor of Greek in the University of 
Aberdeen. 8vo. 14s. 
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GliADSTONE— Works by the Rt Hon. W. E. Gladstone, M.P. 

JUVENTUS MUNDI; or, Gods and Men of the Heroic 
Age. Second Edition. Crown 8vo. ior. 6d. 

THE TIME AND PLACE OF HOMER. Crown 8vo. 
6>. 6a\ 

A PRIMER OF HOMER. i8mo. is. 

GOODWIN— Works by W. W. Goodwin, Professor of Greek in 
Harvard University, U.S.A. 

SYNTAX OF THE MOODS. AND TENSES OF 7HE 
GREEK VERB. New Edition, revised. Crown 8vo. 
6s.6a\ 

A GREEK GRAMMAR. New Edition, revised. Crown 

8vo. 6s. 

"It is the best Greek Grammar of its sise in the English language."— 
Atken&um. 

A GREEK GRAMMAR FOR SCHOOLS. Crown 8vo. 
3J. 6d. 

GOODWIN-^ TEXT-BOOK OF GREEK PHILOSOPHY, 
based on Ritter and Preller's "Historia Philosophiae 
Graecae et Romanae." By Alfred Goodwin, M. A. Fellow 
of Balliol College, Oxford, and Professor of Greek in 
University College, London. 8vo. [In preparation. 

GREENWOOD— THE ELEMENTS OF GREEK GRAM- 
MAR 9 including Accidence, Irregular Verbs, and Principles of 
Derivation and Composition ; adapted to the System of Crude 
Forms. By J. G. Greenwood, Principal of Owens College, 
Manchester. New Edition. Crown 8vo.» 5«f. 6d. 

HERODOTUS, Books I.— ill.— THE EMPIRES OF THE 
EAST. Edited, with Notes and Introductions, by A. H. 
Sayce, M.A., Fellow and Tutor of Queen's College, Oxford, 
and Deputy-Professor of Comparative Philology. 8va 

{In preparation. 
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HODGSON -M YTHOLQGY FOR LATIN VERSIFICA- 
TION. A brief Sketch of the Fables of the Ancients, 
prepared to be rendered into Latin Verse for Schools. By 
F. Hodgson, B.D., late Provost of Eton. New Edition, 
revised by F. C. Hodgson, M.A. i8mo. 3*. 

UOvm—THE ODYSSEY. Done into English by S. H. 
Butcher, M.A, Fellow of University College, Oxford, and 
Andrew Lang, M.A., late Fellow of Merton College, Oxford. 
Second Edition, revised and corrected, with new Introduction, 
additional Notes and Illustrations. Crown 8vo. ior. 6d. 

THE ILIAD. Edited, with Introduction and Notes, by 
Walter Leaf, M.A., Fellow of Trinity College, Cambridge, 
and the late J. H. Pratt, M.A. 8vo. [In preparation. 

THE ILIAD, Translated into English Prose. By Andrew 
Lang, M.A., Walter Leaf, M.A., and Ernest Myers, 
M.A. Crown 8vo. [In the Press. 

HOMX2&XO DIOTXOHAXT. For Use in Schools and Colleges. 
Translated from the German of Dr. ;G. Autenreith, with 
Additions and Corrections by R. P. Keep, Ph.D. With 
numerous Illustrations. Crown 8vo. 6s. 



HOnACm— THE WORKS OF HORACE, rendered into 
English Prose, with Introductions, Running Analysis, and 
Notes, by J. Lonsdale, M.A., and S. Lee, M.A. Globe 
8vo. 3*. 6d. 

THE ODES OF HORACE IN A METRICAL PARA- 
PHRASE. By R. M. Hovenden. Extra fcap. 8vo. 4*. 

HORACES LIFE AND CHARACTER. An Epitome of 
his Satires and Epistles. By R. M. Hovenden. Extra fcap. 
8vo. 4J. 6V. 

WORD F0$ WORD FROM HORACE. The Odes 
literally Versified. By W. T. Thornton, C.B. Crown 
8vo. 7*. 6a\ 

JACKSON— FIRST STEPS TO GREEK PROSE COM- 
POSITION. By Blomfield Jackson, M.A. Assistant- 
Master in King's College School, London. New Edition 
revised and enlarged. i8mo. is. 6a\ 
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JACKSON Continued— 

KEY TO FIRST STEPS. i8mo. 3* 6d. 

SECOND STEPS TO GREEK PROSE COMPOSITION, 
with Miscellaneous Idioms, Aids to Accentuation, and Exami- 
nation Papers in Greek Scholarship. i8mo. 2s. 6d. 

# % A Key to Second Steps, for the use of Teachers only, is in 
preparation. 

JACKSON— y* MANUAL OF GREEK PHILOSOPHY. By 
Henry Jackson, M.A., Fellow and Prelector in Ancient 
Philosophy, Trinity College, Cambridge. [In preparation. 

JEBB — Works by R. C. Jebb, M.A., Professor of Greek in the 
University of Glasgow. 

THE ATTIC ORATORS FROM ANTIPHON TO 
ISAEOS. 2 vols. 8va 25*. 

SELECTIONS FROM THE ATTIC ORATORS, ANTI- 
PHON, ANDOKIDES, LYSIAS, ISOKRATES, AND 
ISALOS. Edited, with Notes. Being a companion volume to 
the preceding work. 8vo. 12s. 6d. 

THE CHARACTERS OF THEOPHRASTUS. Translated 
from a revised Text, with Introduction and Notes. Extra leap. 
8vo. 6s. 6a. 

A PRIMER OF GREEK LITERATURE. i8mo. is. 
A HIS TOR Y OF GREEK LITER A TURE. Crown 8vo. 

[In preparation. 

JUVXHAXr-THIRTEEN SATIRES OF JUVENAL. With 
a Commentary. By John E. B. Mayor, M.A., Kennedy 
Professor of Latin at Cambridge. Vol. I. Second Edition, 
enlarged. Crown 8vo. 7r. 6d. Vol. IL Crown 8vo. ior. 6d. 

" For really ripe scholarship, extensive acquaintance with Latin litera- 
ture, and familiar knowledge of continental criticism, ancient and modern, 
it is unsurpassed among English editions." — Prof. Conington in 
4 * Edinburgh Review." 

" Mr. Mayor's work is beyond the reach of common literary compli- 
ment. It is not only a commentary on Juvenal, but a mine of the most 
valuable and interesting information on the history, social condition, 
manners, and beliefs of the Roman world during the period of the early 
Empire." — Prof. Nettleship in the "Academy. 

" Scarcely any valuable contribution that has been hitherto made to the 
interpretation of Juvenal will be sought in vain in this commentary .... 
This excellent work meets the long felt want of a commentary to Juvenal 
on a level with the demands of modern science."— Prop. Friedlandbr 

OF K5NIGSBERG IN " JaHRBSBBRICHT FUR AlTBRTHUMSWISSBNSCHAFT." 
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THIRTEEN SATIRES- Translated by He*bxrt 
Strong, M.A., Professor of Latin, and Alexander 
Leefer, M.A., Warden of Trinity College, in the University 
of Melbourne. Crown Sro. [/* the pros. 

KIEPEBT- MANUAL OF ANCIENT GEOGRAPHY, 
Translated from the German of Dr. Hsnuch Kiepert. 
Crown 8ro. 5/. 

" The English Edition of the ' Manual ' will form an indispensable com- 
panion to Kiepert's ' Atlas ' now used in many of our leading schools. " — 
The Times. 

KYM AVTON— EXERCISES IN THE COMPOSITION OF 
GREEK IAMBIC VERSE by Translations from English 
Dramatists. By Rer. H. Kynaston, M.A., Principal of 
Cheltenham College. With Introduction, Vocabulary, &c, 
Extra Fcap. 8vo. 4s. 6d. 

KEY TO THE SAME (for Teachers only). Extra fcap. 
8vo. 4/. 6d. 

EXEMPLARIA CHEL TONIENSIA : sive quae discipulis 
suis Carmina identidem Latine reddenda proposuit ipse red- 
didit ex cathedra dictavit Herbert Kynaston, M.A., 
Principal of Cheltenham College. Extra fcap. 8vo. $s. 

LIVY, Books ZZL— ZZV. Translated by A. J. Church, 
M. A., and W. J. Brodribb, M. A. Crown 8vo. [In the press. 

LhOYV—THE AGE OF PERICLES. A History of the 
Politics and Arts of Greece from the Persian to the Pelopon- 
nesianWar. By William Watkiss Lloyd. 2 vols. 8vo. 21/. 

MAOMILUJr— FIRST LATIN GRAMMAR. By M. C. 

Macmillan, M.A., late Scholar of Christ's College, Cambridge, 
Assistant Master in St Paul's SchooL i8mo. is. 6d. 
MAHAPFY— Works by J. P. Mahaffy, M.A., Professor of 
Ancient History in Trinity College, Dublin. 
SOCIAL LIFE IN GREECE; from Homer to Menander. 
Fourth Edition, revised and enlarged. Crown 8vo. 9*. 
RAMBLES AND STUDIES IN GREECE. With Illus- 
trations. Second Edition. With Map. Crown 8vo. ior. 6d. 
A PRIMER OF GREEK ANTIQUITIES. With Ulu* 
trations. l8mo. is. 
EURIPIDES. i8mo. is.U 
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HARIHA&L-if TABLE OF IRREGULAR GREER 
VERBS, classified according to the arrangement of Cnrtius 
Greek Grammar. By J. M. Marshall, M.A., one of the 
Masters in Clifton College. 8vo. cloth. New Edition* is. 

MAKTIAL— SELECT EPIGRAMS FROM MARTIAL FOR 
ENGLISH READERS. Translated by W. T. Webb, 
M.A., Professor of History and Political Economy, Presidency 
College, Calcutta. Extra fcap. 8vo. 4*. 67/. 

BOOKS I. AND II OF THE EPIGRAMS. Edited, 
with Introduction and Notes, by Professor J. E. B. Mayor, 
M.A. 8vo. [In the press. 

MAYOR (JOHN H. B.y-FIRST GREER" READER. Edited 
after Karl Halm, with Corrections and large Additions by 
Professor John E. B. Mayor, M.A., Fellow of St John's 
College, Cambridge. New Edition, revised. Fcap. 8va 4*. 6d. 

BIBLIOGRAPHICAL CLUE TO LATIN LITERA- 
. TURE. Edited after HUbnbr, with large Additions by 
Professor John E. B. Mayor. Crown 8vo. ioj. 6d. 

MAYOR (JOSBPH R.)— GREER" FOR BEGINNERS. By 
the Rev. J. B. Mayor, M. A., Professor of Classical Literature 
In King's College, London. Part I., with Vocabulary, ix. 6d. 
Parts II. and in., with Vocabulary and Index, &. 6d. com- 
plete in one Vol. New Edition. Fcap. 8vo. doth. 4*. &/• 

NIXON— PARALLEL EXTRA6TS arranged for translation 
into English and Latin, with Notes on Idioms. By J. E. 
Nixon, M.A., Fellow and Classical Lecturer, King's College, 
Cambridge. Parti. — Historical and Epistolary. New Edition, 
revised and enlarged. Crown 8vo. 31. 6d. 

PBILB (JOHN, M.A.)— AN INTRODUCTION TO GREER 
AND LATIN ETYMOLOGY. By John Peile, M.A., 
Fellow and Tutor of Christ's College, Cambridge, formerly 
Teacher of Sanskrit in the University of Cambridge. Third 
and Revised Edition. Crown 8vo. ior. &£ 

A PRIMER OF PHILOLOGY. By the same Author. 
i8mo. is. 
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PHRYNIOHUI- RUTHERFORD— THE NEW PHRY- 
NICHUS; being a Revised Text of the Ecloga of the Gram- 
marian Phrynichus. With Introduction and Commentary by 
W. Gunion Rutherford, M.A., of Balliol College, Oxford, 
Assistant Classical Master in St. Paul's School. 8vo. \%s. 

PINDAR— THE EXTANT ODES OF PINDAR. Translated 
into English, with an Introduction and short Notes, by Ernest 
Myers, M.A., Fellow of Wadham College, Oxford. Crown 
8vo. £f. 

PLATO— THE REPUBLIC OP PLATO. Translated into 
English, with an Analysis and Notes, by J. Ll. Davies, 
M.A., and D. J. Vaughan, M.A. New Edition, with 
Vignette Portraits of Plato and Socrates, engraved by Jeens 
from an Antique Gem. i8mo. 4*. 6d. 

PHILEBUS. Edited, with Introduction and Notes, by 
Henry Jackson, M. A., Fellow of Trinity College, Cambridge. 
8vo. [In preparation. 

THE TRIAL AND DEATH OF SOCRATES. Being 
the Euthyphro, Apology, Crito, and Phaedo of Plato. Trans- 
lated by F. J. Church, Crown 8vo. 4*. 6d. 

PHAZDO.— Edited by R. D. Archer-Hind, M.A., Fellow 
of Trinity College, Cambridge. 8vo. [In preparation. 

PLAUTUS— THE MOSTELLARIA OF PLAUTUS. With 
Notes, Prolegomena, and Excursus. By William Ramsay,' 
M.A., formerly Professor of Humanity in the University of 
Glasgow. Edited by Professor George G. Ramsay, M.A., 
of the University of Glasgow. 8vo. 14*. 

POSTGATE AND VINCE— A DICTIONARY OF LATIN 
ETYMOLOGY. By J. P. Postgate, M.A., and C. A. 
Vince, M.A. [In preparation. 

POTTS (A. W.j M.A.)— Works by ALEXANDER W. POTTS, 

M.A., LL.D., late Fellow of St John's College, Cambridge; 
Head Master of the Fettes College, Edinburgh. 

HINTS TOWARDS LATIN PROSE COMPOSITION. 
New Edition. Extra fcap. 8vo. 3*. 
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POTTS Continued— 

PASSAGES FOR TRANSLATION INTO LATIN 
PROSE. Edited with Notes and References to the atove. 
Extra f cap. 8vo. 2s. 

LATIN VERSIONS OF PASSAGES FOR TRANSLA- 
TION INTO LA TIN PROSE. For Teachers only. 2s. 6d. 

EXERCISES IN LATIN PROSE. With Introduction, 
Notes, &c, for the Middle Forms of Schools. Extra fcap. 8vo. 

[In preparation. 

ROBY— A GRAMMAR OF THE LATIN LANGUAGE, from 
Plautus to Suetonius. By H. J. Roby, M.A., late Fellow of 
St. John's College, Cambridge. In Two Parts. Thud Edition. 
Part I. containing : — Book L Sounds. Book IL Inflexions. 
Book IIL Word-formation. Appendices. Crown 8yo. Ss. 6a\ 
Part IL — Syntax, Prepositions, &c. Crown 8vo. 10s. 6d. 

"Marked by the clear and practised insight of a master in his art. 
A book that would do honour to any country. — Athen^um. 

SCHOOL LATIN GRAMMAR. By the same Author. 
Crown 8vo. p. 

mm— SYNTHETIC LATIN DELECTUS. A First Latin 
Construing Book arranged on the Principles of Grammatical 
Analysis. With Notes and Vocabulary. By E. Rush, B.A. 
With Preface by the Rev. W. F. Moulton, M.A., D.D. 
Second and Enlarged Edition. Extra fcap. 8vo. 2j. 6d. 

VOm— FIRST STEPS TO LATIN PROSE COMPOSITION. 
By the Rev. G. Rust, M.A. of Pembroke College, Oxford, 
Master of the Lower School, King's College, London. New 
Edition. i8mo. is. 6d. 

BUTHHRFORD— A FIRST GREEK GRAMMAR. By W. G. 
Rutherford, M.A., Assistant Master in St Paul's School, 
London. New Edition, enlarged. Extra fcap. 8va is. 6d. 

SALLUST— CATILINE AND JUGURTHA. Translated, with 
Introductory Essays, by A. W. Pollard, B.A. Crown 8vo. 

[In the press. 

8BBU3Y— A PRIMER OF LATIN LITERATURE. By 
Prof. J. R. Sbslby. [In preparation, 

b 
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SIMPSON— PROGRESSIVE EXERCISES IN LATIN 
PROSE COMPOSITION. Founded on Passages selected 
from Cicero, Livy, &c. By F. P. Simpson, B. A., of Balliol 
College, Oxford. [In preparation. 

YACTTU9— COMPLETE WORKS TRANSLATED. By A. J. 
Church, M.A* and W. J. Brodribb, ALA. 
THE HISTORY. With Note and a Map. New Edition. 
Crown 8vo. 6s. 

THE ANNALS. With Notes and Maps. New Edition. 
Crown 8vo. *js. 6a\ 

THE AGRICOLA AND GERMANY, WITH THE 
DIALOGUE ON ORATORY. With Maps and Notes. 
New and Revised Edition. Crown 8va 4*. 6a\ 

THE ANNALS. Edited, with Introductions and Notes, by 
G. O. Holbrooke, M.A., Professor of Latin in Trinity 
College, Harford, U.S.A. 8vo. [In the press. 

THE HISTORIES. Edited, with Introduction and Notes, by 
Rev. Walter Short, M.A., and Rev. W. A. Si-ooner, 
M. A, Fellows of New College, Oxford. 8vo. \In preparation. 

THEOCRITUS, BION and MOSCBUS. Rendered into 
English Prose with Introductory Essay by Andrew Lang, 
M.A. Crown 8vo. 6s, 

THEOPHRASTUS— THE CHARACTERS OP THEO- 
PHRASTUS. An English Translation from a Revised Text 
With Introduction and Notes. By R. C. Jebb, M.A, Pro- 
fessor of Greek in the University of Glasgow. Extra fcap. 8vo. 
6s. 6d. 

THJUNO— Works by the Rev. E. Thrino, M.A, Head- 
Master of Uppingham School. 

A LATIN GRADUAL. A First Latin Construing Book 
for Beginners. New Edition, enlarged, with Coloured Sentence 
Maps. Fcap. 8vo. 2s. 6d. 

A MANUAL OP MOOD CONSTRUCTIONS. Fcap, 
8vo. is. 6d. 

A CONSTRUING BOOK. Fcap. 8va 2s. 6a\ 
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VIRQI1*— THE WORKS OF VIRGIL RENDERED INTO 
ENGLISH PROSE, with Notes, Introductions, Running 
Analysis, and an Index, by Jambs Lonsdale, M.A., and 
Samuel Lee, M.A. New Edition. Globe 8vo. 3*. 6d. 

WHITE— FIRST LESSONS IN GREEK. Adapted to Good- 
win's Greek Grammar, and designed as an introduction to the 
Anabasis of Xenophon. By John Williams White, Ph.D., 
Assistant-Prof, of Greek in Harvard University. Crown 8vo. 
• 4*. 6d. 

WILKIN*—^ PRIMER OF ROMAN ANTIQUITIES. By 
A. S. Wilkins, M.A., Professor of Latin in the Owens 
College, Manchester. With Illustrations. i8mo. ix. 



'•—Works by J. Wright, M.A., late Head Master of 
Sutton Coldfield School. 

HELLENIC A; OR, A HISTORY OF GREECE IN 
GREEK, as related by Diodorus and Thucydides ; being a 
First Greek Reading Book, with explanatory Notes, Critical 
and Historical. New Edition with a Vocabulary. Fcap. 8vo. 

A HELP TO LATIN GRAMMAR; or, The Form 
and Use of Words in Latin, with Progressive Exercises. 
Crown 8vo. 41. td. 

THE SEVEN KINGS OF ROME. An Easy Narrative, 
abridged from the First Book of Livy by the omission of 
Difficult Passages; being a First Latin Reading Book, with 
Grammatical Notes and Vocabulary. New and revised 
edition. Fcap. 8vo. y. 6d. 

FIRST LATIN STEPS; OR, AN INTRODUCTION 
BY A SERIES OF EXAMPLES TO THE STUDY 
OF THE LA TIN LANGUA GE. Crown 8vo. 3 s. 

ATTIC PRIMER. Arranged for the Use of Beginners. 
Extra fcap. 8vo. zs. 6d. 

A COMPLETE LATIN COURSE, comprising Rules with 
Examples, Exercises, both Latin and English, on each .Rule 
and Vocabularies. Crown 8vo. 2/. 6d. 

b 2 
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MATHEMATICS. 

AIRY — Works by Sir G. B. Airy, K.C.B., Astronomer 
Royal : — 

ELEMENTARY TREATISE ON PARTIAL DIE- 
FERENTIAL EQUATIONS. Designed for the Use of 
Students in the Universities. With Diagrams, Second Edition. 
Crown 8vo. $s. 6d. 

ON THE ALGEBRAICAL AND NUMERICAL 
THEORY OF ERRORS OF OBSERVATIONS AND 
THE COMBINATION OF OBSERVATIONS. Second 
Edition, revised. Crown 8vo. 6s. 6d. 
UNDULATORY THEORY OF OPTICS. Designed for 
the Use of Students in the University. New Edition. Crown 
8vo. dr. td. 

ON SOUND AND ATMOSPHERIC VIBRATIONS. 
With the Mathematical Elements of Music. Designed for the 
Use of Students in the University. Second Edition, Revised 
and Enlarged. Crown 8vo. gs. 

A TREATISE ON MAGNETISM. Designed for the Use 
of Students in the University. Crown 8vo. gs. 6d. 

AIRY (OIHUNDM TREATISE ON GEOMETRICAL 
OPTICS. Adapted for the use of the Higher Classes in 
Schools. By Osmund Airy, B.A., one of the Mathematical 
Masters in Wellington College. Extra f cap. 8vo. p. 6d. 

ALDIS— THE GIANT ARITHMOS. An Arithmetic for 
Children. By Mrs. Steadman Aldis. Illustrated. 

[In the press. 

BAYMA— THE ELEMENTS OF MOLECULAR MECHA- 
NICS. By Joseph Bayma, S.J., Professor of Philosophy, 
Stonyhurst College. Demy 8vo. 10s. 6d. 

BEASLEY— AN ELEMENTARY TREATISE ON PLANE 
TRIGONOMETRY. With Examples. ByR. D. Bbaslby, 
M.A., Head Master of Grantham Grammar School Fifth 
Edition, revised and enlarged. Crown 8vo. $s. 6J. 

BLACKBURN (HUGH) — ELEMENTS OF PLANE 
TRIGONOMETRY, for the use of the Junior Class in 
Mathematics in the University of Glasgow. By Hugh 
Blackburn, M.A., Professor of Mathematics in the Univer- 
sity of Glasgow. Globe 8vo. is. %d. 
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BOOLE— Worjcs by G. Boole, D.C.L., F.R.S., late Professor 
of Mathematics in the Queen's University, Ireland. 
A TREATISE ON DIFFERENTIAL EQUATIONS. 
Third and Revised Edition. Edited by I. Todhunter. Crown 
8vo. 14*. 

A TREATISE ON DIFFERENTIAL EQUATIONS. 
Supplementary Volume, Edited by L Todhunter. Crown 
8vo, 8x, 6d. 

THE CALCULUS OF FINITE DIFFERENCES. 
Third Edition, revised by J. F. Moulton. Crown 8vo. 
10s. 6d. 

BROOK-SMITH (3 .\— ARITHMETIC IN THEORY AND 
PRACTICE. By J. Brook-Smith, M.A., LL.B., St, 
John's College, Cambridge; Barrister-at-Law ; one of the 
Masters of Cheltenham College, New Edition, revised. 
Crown 8vo. 41. 6d. 

CAM BRIDGE SENATE-HOUSE PROBLEMS and RIDERS 
WITH SOLUTIONS 1— 

1875— PROBLEMS AND RIDERS. By A. G. Greenhill, 
M.A. Crown 8va 8j. td. 

1878— SOLUTIONS OF SENATE-HOUSE PROBLEMS 
By the Mathematical Moderators and Examiners. Edited by 
J. W. L. Glaisher, M.A., Fellow of Trinity College, 
Cambridge. 12s. 

CANDLER— HELP TO ARITHMETIC. Designed for the 
use of Schools. By H. Candler, M.A., Mathematical 
Master of Uppingham School. Extra fcap. 8vo 2j. &/. 

CHEYNB— AN ELEMENTARY TREATISE ON THE 
PLANETARY THEORY. By C. H. H. Cheyne, M.A., 
F.R.A.S, With a Collection of Problems. Second Edition. 
Crown 8vo. dr. 6d. 

CHRISTIE— A COLLECTION OF ELEMENTARY TEST 
QUESTIONS IN PURE AND MIXED MATHS- 
MA TICS; with Answers and Appendices on Synthetic 
Division, and on the Solution of Numerical Equations by 
Horner's Method. By James R. Christie, F.R.S., Royal 
Military Academy, Woolwich. Crown 8vo. 8j. && 
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CLIFFORD— THE ELEMENTS OF DYNAMIC. An In- 
troduction to the Study of Motion and Rest in Solid and Fluid 
Bodies. By W. K. Clifford, F.R.S., Professor of Applied 
Mathematics and Mechanics at University College, London, 
Part I.— KINEMATIC. Crown 8vo. <js. 6d. 

COIX&TABIR— GEOMETRICAL EXERCISES FOR BE- 
GINNERS. By Samuel Constable. Crown 8vo. 3*. 6d. 

(SUMMING— AN INTRODUCTION TO THE THEORY 
OF ELECTRICITY. By LiNNiEUS Cumming, M.A., 
one of the Masters of Rugby School. With Illustrations. 
Crown 3vo. %s. 6a\ 

OUTHBBRTSON-.fi: UCLIDIAN GEOMETR Y. By Francis 

Cuthbertson, M.A., LL.D., Head Mathematical Master of 
the City of London School Extra fcap. 8vo. 4*. 6d. 

DALTON— Works by the Rev. T. Dalton, M.A., Assistant 
Master of Eton College. 

RULES AND EXAMPLES IN ARITHMETIC. New Edi- 
tion. i8mo. is. 6d. [Answers to the Examples are appended. 

RULES AND EXAMPLES IN ALGEBRA. Part I. 
New Edition. i8mo. 2s. Part II. iSmo. as. 6a\ 

D AY— PROPERTIES OF CONIC SECTIONS PROVED 
GEOMETRICALLY. Part I., THE ELLIPSE, with 
Problems. By the Rev. H. G. Day, M.A. Crown 8vo. 
3*. 6W. 

DREW- GEOMETRICAL TREATISE ON CONIC SEC- 
TIONS. By W. H. Drew, M.A., St John's College, 
Cambridge. New Edition, enlarged. Crown 8vo. 5/. 

SOLUTIONS TO THE PROBLEMS 2N DREWS 
CONIC SECTIONS. Crown 8vo. 4J. 6W. 

BYER— EXERCISES IN ANALYTICAL GEOMETRY. 
Compiled and arranged by J. M. Dyer, M.A., Senior 
Mathematical Master in the Classical Department of Cheltenham 
College. With Illustrations. Crown 8vo. 4*. 6d. 
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BDQAR (J. H.) and PRITOHARD (O. m.\— NOTE-BOOK 
ON PRACTICAL SOLID OR DESCRIPTIVE GEO* 
METRY. Containing Problems with help for Solutions. By 
J. H. Edgar, M. A., Lecturer on Mechanical Drawing at the 
Royal School of Mines, and G. S. Pritchard. Fourth 
Edition, revised and enlarged, by Arthur Meeze. Globe 
8vo. 4?. 6d. 



— Works by the Rev. N. M. Ferrers, M.A., Fellow 
and Master of Gonville and Caius College, Cambridge. 

AN ELEMENTARY TREATISE ON TRI LINEAR 
CO-ORDINATES, the Method' of Reciprocal Polars, and 
the Theory of Projectors. New Edition, revised. Crown 8vo. 
6s. 6d. 

AN ELEMENTARY TREATISE ON SPHERICAL 
HARMONICS, AND SUBJECTS CONNECTED WITH 
THEM. Crown 8vo. 7*. 6d. 

FROST — Works by Percival Frost, M.A., formerly Fellow 
of St. John's College, Cambridge ; Mathematical Lecturer of 
King's College. 

AN ELEMENTARY TREATISE ON CURVE TRA-' 
CING. By Percival Frost, M.A. 8vo. 12s. 

SOLID GEOMETRY. A New Edition, revised and enlarged 
of the Treatise by Frost and Wolstenholms. In 2 Vols, 
VoL* I. 8va 16s. 

GODFRAY— Works by Hugh Godfray, M.A., Mathematical 
Lecturer at Pembroke College, Cambridge. 

A TREATISE ON ASTRONOMY, for the Use of Colleges 
and Schools. New Edition. 8vo. 12s. 6eL 

AN ELEMENTARY TREATISE ON THE LUNAR 
THEORY, with a Brief Sketch of the Problem up to the time 
of Newton. Second Edition, revised. Crown 8vo. 5*. 6d. 

HEMMING— AN ELEMENTARY TREATISE ON THE 
DIFFERENTIAL AND INTEGRAL CALCULUS, for 
the Use of Colleges and Schools. By G. W. Hemming, M.A., 
Fellow of St. John's College, Cambridge. Second Edition, 
with Corrections and Additions. 8vo. 9*. 
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J AOKSON — GEOMETRICAL CONIC SECTIONS. An 
Elementary Treatise in which the Conic Sections are denned 
as the Plane Sections of a Cone, and treated by the Method 
of Projection. By J. Stuart Jackson, M.A., late Fellow of 
Gonville and Cains College, Cambridge. Crown 8vo. 4s. 6d. 

JBLJLBT (JOHN H.)— A TREATISE ON THE THEORY 
OF FRICTION. By John H. Jellet, B.D., Provost 
of Trinity College, Dublin; President of the Royal Irish 
Academy. 8vo. Ss. &£ 

JONB3 and OHBYNE — ALGEBRAICAL EXERCISES. 
Progressively Arranged. By the Rev. C. A. Jones, M.A., and 
C. H. Cheyne, M.A., F.R.A.S., Mathematical Masters of 
Westminster School New Edition. i8mo. 2s. 6d. 

KHLLAND and TAIT— INTRODUCTION TO QUATER- 
NIONS, with numerous examples. By P. JCelland, M.A., 
F.R.S., and P. G. Tait, M.A., Professors in the department 
of Mathematics in the University of Edinburgh. Crown 8vo. 
7*. 6d. 

KITCHENER— A GEOMETRICAL NOTE-BOOK, containing 
Easy Problems in Geometrical Drawing preparatory to the 
Study of Geometry. For the use of Schools. By F. E. 
Kitchener, M.A., Mathematical Master at Rugby. New 
Edition. 4to. 2s. 

LOCK— ELEMENTAR Y TRIGONOMETR Y. By Rev. J. B. 
Lock, M. A., Fellow of Caius College, Cambridge ; Assistant- 
Master at Eton. Globe 8vo. 4s. 6d. 

MAULT— NATURAL GEOMETRY: an Introduction to the 
Logical Study of Mathematics. For Schools and Technical 
Classes. With Explanatory Models, based upon the Tachy- 
metrical works of Ed. Lagout By A. Mault. i8mo. ts. 
Models to Illustrate the above, in Box, 12s. 6d. 

MBRRIMAN — ELEMENTS OF THE METHOD OF 
LEAST SQUARES. By Mansfield Merriman, Ph.D 
Professor of Civil and Mechanical Engineering, Lehigh Uni- 
versity, Bethlehem, Penn. Crown 8vo. *js. 6d. 

lmUkJBL— ELEMENTS OF DESCRIPTIVE GEOMETRY. 
By J. B. Millar, C.E., Assistant Lecturer in Engineering in 
Owens College, Manchester. Crown 8vo. 6s. 
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MORGAN — ^ COLLECTION OF PROBLEMS AND 
EXAMPLES IN MATHEMATICS. With Answers. 
By H. A. Morgan, M.A., Sadlerian and Mathematical 
Lecturer of Jesus College, Cambridge. Crown 8to. 6s. 6d. 

MUIR-^ TREATISE ON THE THEORY OF DETER- 
MINANTS. With graduated sets of examples. For use in 
Colleges and Schools. By Thos. MuiR, M.A., F.R.S.E., 
Mathematical Master in the High School of Glasgow. Crown 
8vo. 7*. 6d. 

NEWTON'S PRINCIPIA. Edited by Pro£ Sir W. Thomson 
and Professor Blackburn. 4to cloth. 31J. 6d. 
THE FIRST THREE SECTIONS OF NEWTON S 
PRINCIPIA, With Notes and Illustrations. Also a col- 
lection of Problems, principally intended as Examples of 
Newton's Methods. By Prrcival Frost, M.A. Third 
Edition. 8vo. 12s. 

PARKINSON— Works by S. Parkinson, D.D., F.R.S., Tutor 
and Prelector of St. John's College, Cambridge. 

AN ELEMENTARY TREATISE ON MECHANICS. 
For the Use of the Junior Classes at the University and the 
Higher Classes in Schools. With a Collection of Examples. 
Sixth Edition, revised. Crown 8vo. doth. <p. 6d. 

A TREATISE ON OPTICS. New Edition, revised and 
enlarged. Crown 8vo. cloth, 10s. 6d. 



—EXERCISES IN ARITHMETIC for the Use of 
Schools. Containing more than 7,000 original Examples. 
By S. Pbdlky, late of Tamworth Grammar School. Crown 
8vo. $s. 

PHBA&— ELEMENTARY HYDROSTATICS. With Nu- 
merous Examples. By J. B. Phrar, M.A., Fellow and late 
Assistant Tutor of Clare College, Cambridge. New Edition. 
Crown 8vo. cloth. 5j. 6d. 

PIRIC— LESSONS ON RIGID DYNAMICS. By the Rev. 
G. Pirix, M.A., late Fellow and Tutor of Queen's College, 
Cambridge; Professor of Mathematics in the University of 
Aberdeen. Crown 8vo. dr. 
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VUOKLM—AN ELEMENTARY TREATISE ON CONIC 
SECTIONS AND ALGEBRAIC GEOMETRY. With 
Numerous Examples and Hints for their Solution ; especially 
designed for the Use of Beginners. By G. H. Pucklk, M. A. 
New Edition, revised and enlarged. Crown 8vo. is. 6d. 

RAWLINSON— ELEMENTARY STATICS, by the Rev. 
George Rawlinson, M.A. Edited by the Rer. Edward 
Sturges, M.A. Crown 8vo. 4*. 6d. 

RAYLBIQH— THE THEORY OF SOUND. By Lord 
Rayleigh, M. A., F.R.S., formerly Fellow of Trinity College* 
Cambridge. 8vo, VoL I. 12s. 6d. Vol. II. 12s. 6cL 

[ Vol. III. in the press, 

REYNOLDS— MODERN METHODS IN ELEMENTARY 
GEOMETRY. By E. M. Reynolds, M.A., Mathematical 
Master in CMfton College. Crown 8vo. p. &/.; 

ROUTH— Works by Edward -John Routh, M.A., F.R~S., 
late Fellow and Assistant Tutor of St. Peter's College, Cam- 
bridge ; Examiner in the University of London. 

AN ELEMENTARY TREA TISE ON THE D YNAMICS 
OF THE SYSTEM OF RIGID BODIES. With numerous 
Examples. Third and enlarged Edition. 8vo. 211. 

STABILITY OF A GIVEN STATE OF MOTION^ 
PARTICULARLY STEADY MOTION Adams' Prize 
Essay for 1877. 8vo. &r. 6d. 

BMITH— Works by the Rev. Barnard Smith, M.A., Rector 
of Glaston, Rutland, late Fellow and Senior Bursar of St. 
Peter's College, Cambridge. 

ARITHMETIC AND ALGEBRA, in their Principles and 
Application ; with numerous systematically arranged Examples 
taken from the Cambridge Examination Papers, with especial 
reference to the Ordinary Examination for the B.A. Degree. 
New Edition, carefully revised. Crown 8vo. 10s, 6d. 

ARITHMETIC FOR SCHOOLS. New Edition. Crown 
8vo. 4;. 6d. 

A KEY TO THE ARITHMETIC FOR SCHOOLS. 
New Edition. Crown 8vo. Ss . 6£ 
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SMITH Cvntimud— 

EXERCISES IN ARITHMETIC. Crown 8vo. limp cloth, 
25. With Answers. 2s. 6d. 

Answers separately. 6d. 

SCHOOL CLASS-BOOK OF ARITHMETIC. i8mo. 
cloth. 3*. 

Or sold separately, in Three Parts, is. each. 

KEYS TO SCHOOL CLASS-BOOK OF ARITHMETIC 
Parts I., II., and III., 2s. 6d. each. 

SHILLING BOOK OF ARITHME TIC FOR NA TIONAL 
AND ELEMENTARY SCHOOLS. i8mo. cloth. Or 
separately, Part I. 2d. ; Part II. yi. ; Part III. *jd\ Answers. 
6d. 

THE SAME, with Answers complete. i8mo, cloth, is. 6d 

KEY TO SHILLING BOOK OF ARITHMETIC. 
i8mo. 4s. 6d. 

EXAMINA TION PAPERS IN ARITHMETIC. i8mo. 
is: 6d. The same, with Answers, i8mo. 2s. Answers, 6d. 

KEY TO EXAMINATION PAPERS IN ARITH- 
METIC. l8mo. tr. 6d. 

THE METRIC SYSTEM OF ARITHMETIC, ITS 
PRINCIPLES AND APPLICATIONS, with numerous 
Examples, written expressly for Standard V. in National 
Schools. New Edition. i8mo. cloth, sewed. 3d. 

A CHART OF THE METRIC SYSTEM, on a Sheet, 
size 42 in. by 34 in. on Roller, mounted and varnished, price 
3s. 6d. New Edition. 

Also a Small Chart on a Card, price id. 

EASY LESSONS IN ARITHMETIC, combining Exercises 
in Reading, Writing, Spelling, and Dictation. Part I. for 
Standard L in National Schools. Crown 8vo. gd. 

EXAMINATION CARDS IN ARITHMETIC, pedi. 
cated to Lord Sandon.) With Answers and Hints. 
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SMITH Continued— 

Standards I. and II. in box, u. Standards IIL, IV. and V., 

in boxes, is. each. Standard VL in Two Parts, in boxes, 

is. each. 

A and B papers, of nearly the same difficulty, are given so as to 

prevent copying, and the Colours of the A and B papers differ in 

each Standard, and from those of every other Standard, so that a 

master or mistress can see at a glance whether the children have the 

proper papers. 

SMITH, O.— CONIC SECTIONS. By Charles Smith, M. A., 
Fellow and Tutor of Sidney Sussex College, Cambridge, 7s. 6d. 

SNOWBALL — THE ELEMENTS OF PLANE AND 
SPHERICAL TRIGONOMETRY; with the Construction 
and Use of Tables of Logarithms. By J. C. Snowball, M. A. 
New Edition. Crown 8vo. 7*. 6d. 

BYUABUS OF PLANE GEOMETRY (corresponding to 
Euclid, Books I. — VI.). Prepared by the Association for the 
Improvement of Geometrical Teaching. New Edition. Crown 
8vo. ix. 

TATT and STEELE— A TREATISE ON DYNAMICS OF 
A PARTICLE. With numerous Examples. By Professor 
Tait and Mr. Steele. Fourth Edition, revised. Crown 
8vo. 12s. 

TEBAY — ELEMENTARY MENSURATION FOR 
SCHOOLS. With numerous Examples. By Septimus 
Tebay, B.A., Head Master of Queen Elizabeth's Grammar 
School, Rivington. Extra fcap. 8vo. 3*. 6d. 

TODHUNTER— Works by I. TODHUNTKR, M.A., F.R.S., of 

St John's College, Cambridge. 

" Mr. Todhunter is chiefly known to students of Mathematics as the 
author of a series of admirable mathematical text-books, which possess 
the rare qualities of being clear in style and absolutely free from mistakes, 
typographical or other.' —Saturday Review. 

THE ELEMENTS OF EUCLID. For the Use of Colleges 

and Schools. New Edition. i8mo. y. 6d. 

KEY TO EXERCISES IN EUCLID. Crown 8vo. 

6 s. 6d. 
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TODHUNTER Continued— 

MENSURATION FOR BEGINNERS. With numerous 
Examples. New Edition. i8mo. 2s. 6d. 

ALGEBRA FOR BEGTNNERS. With numerous Examples. 
New Edition. i8mo. 2s. 6d. 

KEY TO ALGEBRA FOR BEGINNERS. Crown 8vo. 
6s. 6d. 

TRIGONOMETR Y FOR BEGINNERS. With numerous 
Examples. New Edition. 1 81110. zs. 6d. 

KEY TO TRIGONOMETRY FOR BEGINNERS. 
Crown 8vo. $s. 6d. 

MECHANICS FOR BEGINNERS. With numerous 
Examples. New Edition. i8mo. 4*. 6d. 

KEY TO MECHANICS FOR BEGINNERS. Crown 
8vo. 6V. 6d. 

ALGEBRA. For the Use of Colleges and Schools. New 
Edition. Crown 8 vo. 7/. 6d. 

KEY TO ALGEBRA FOR THE USE OF COLLEGES 
AND SCHOOLS. Crown 8vo. 10s. 6d. 

AN ELEMENTARY TREATISE ON THE THEORY 
OF EQUATIONS. New Edition, revised Crown 8vo. 
Js. 6d f 

PLANE 7RIG0N0METRY. For Schools and Colleges. 
New Edition. Crown 8vo. $s. 

KEY TO PLANE TRIGONOMETRY. Crown 8m 
10s. 6d. 

A TREATISE ON SPHERICAL TRIGONOMETRY. 
New Edition, enlarged. Crown 8vo. 4s. 6d. 

PLANE CO-ORDINATE GEOMETRY, as applied to the 
Straight Line and the Conic Sections. With numerous 
Examples. New Edition, revised and enlarged. Crown 8vo. 
7/. 6d. 

A TREATISE ON THE DIFFERENTIAL CALCULUS. 
With numerous Examples. New Edition. Crown 8vo. 
ioj. 6d. 
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TODHUHTBB Continued— 

A TREATISE ON THE INTEGRAL CALCULUS AND 
ITS APPLICATIONS. With .numerous Examples. New 
Edition* revised and enlarged. Crown 8vo. ioj. 6d. 

EXAMPLES OF ANALYTICAL GEOMETRY OF 
THREE DIMENSIONS. New Edition, revised. Crown 
8vo. 4J. 

A TREATISE ON ANALYTICAL STATICS. With 
numerous Examples. New Edition, revised and enlarged. 
Crown 8vo. los. 6d. 

A HISTORY OF THE MATHEMATICAL THEORY 
OF PROBABILITY, from the time of Pascal to that of 
Laplace. 8vo. \%s. 

RESEARCHES IN THE CALCULUS OF VARIA- 
TIONS, principally on the Theory of Discontinuous Solutions : 
an Essay to which the Adams Prize was awarded in the 
University of Cambridge in 1871. 8vo. 6/. 

A HISTORY OF THE MATHEMATICAL THEORIES 
OF ATTRACTION, AND THE FIGURE OF THE 
EARTH, from the time of Newton to that of Laplace. 2 vols. 
8vo. 24J. 

AN ELEMENTARY TREATISE ON LAPLACE S 
LAMES, AND BESSEL'S FUNCTIONS. Crown 8vo| 
10s. 6d. 

WILSON (J. M.)— ELEMENTARY GEOMETRY. Books 
I. to V. Containing the Subjects of Euclid's first Six 
Books. Following the Syllabus of the Geometrical Association. 
By J. M. Wilson, M.A., Head Master of Clifton College. 
New Edition. Extra fcap. 8vo. 41. 6d. 

SOLID GEOMETRY AND CONIC SECTIONS. With 
Appendices on Transversals and Harmonic Division. For the 
Use of Schools. By J. M. Wilson, M.A. New Edition 
Extra fcap. 8vo. 3*. 6d. 
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WILSON- GRADUATED EXERCISES IN PLANE TRI* 
GONOMETRY. Compiled and arranged by J. Wilson, 
M.A., and S. R. Wilson, B.A. Crown 8vo« 4*. 6cL 

" The exercises seem beautifully graduated and adapted to lead a student 
on most gently and pleasantly "— E. J. Routh, F.R.S., St. Peter's College, 
Cambridge. 

WILSON (W. P.)— A TREATISE ON DYNAMICS. By 
W. P. Wilson, M.A., Fellow of St. John's College, Cam- 
bridge, and Professor of Mathematics in Queen's College, 
Belfast 8vo. 9*. 6d. 

WOLSTENHOLME— MATHEMATICAL PROBLEMS, on 
Subjects included in the First and Second Divisions of the 
Schedule of Subjects for the Cambridge Mathematical Tripos 
Examination. Devised and arranged by Joseph Wolsten- 
holmk, late Fellow of Christ's College, sometime Fellow of 
St John's College, and Professor of Mathematics in the Royal 
Indian Engineering College. New Ed. greatly enlarged. 8vo. 18s. 

SCIENCE. 

SCIENCE PRIMERS FOR ELEMENTARY 

SCHOOLS. 

Under the joint Editorship of Professors Huxley, Roscob, and 

Balfour Stewart. 

"These Primers are extremely simple and attractive, and thoroughly 
answer their purpose of just leading the young beginner up to the thresh- 
old of the long avenues in the Palace of Nature which these titles suggest." 
— Guardian. 

''They are wonderfully dear and lucid in their instruction, simple in 
style, and admirable in plan. "—Educational Times. 

INTRODUCTORY — By T. H. Huxley, F.R.S., Professor of 
Natural History in the Royal School of Mines. 1 81110. is. 

CHEMISTRY — By H. E. Roscok, F.R.S., Professor of 

Chemistry in the Victoria University the Owens College, 

Manchester. With numerous Illustrations. i8mo. is. New 

Edition. With Questions. 

"A very model of perspicacity and accuracy."— Chemist and Drug- 
gist. 

PHYSICS— By Balfour Stewart, F.R.S., Trofessor of Natural 

Philosophy in the Victoria University the Owens College, 

Manchester. With numerous Illustrations. i8mo. is. New 

Edition. With Questions. 
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SOIBMOB PtlMl 

PHYSICAL GEOGRAPHY— By ARCHIBALD GeIKTE, F.R.S., 
Director-General of the Geological Surrey. With numerous 
Illustrations. New Edition, with Question*, i8mo. u. 



"Everyone of his lessons if anted by simplicity, ct sa m em , and 
'— Ai 



OBOLOOY — By Professor Getxis, F.ILS. With numerous 

Illustrations. New Edition. i8mo. cloth, is. 

" It is hardly possible far the dullest child to m Jtuud e isUud the m w i nin g 
of a classification of stones saw Professor Geflrie'sexpmnatien. w --ScwxM, 
Boaxd Chbowci*. 

PHYSIOLOGY— By MICHAEL FOSTEE, B.D., F.ILS. With 
numerous Illustrations. New Edition. iSmo. u. 
" The book lnsmt tons to leave iiothing to be denied as ai 



ASTRONOMY — By J. NoRIIAN LOCKYEE, F.ILS. With 
numerous Illustrations. New Edition. i8mo. is. 



"This is altogether one of die aiest likely attastpts we have ever seen to 
bring astronomy down to the capacity of die young child. "—School 
Boaxd Chxomiclb. 

BOTANY— By Sir J. D. HooKtt, K. C.S.I. , C.B., F.R.S. 
With numerous Illustrations. New Edition. iSmo. is. 

"Te teachers the Primer will be of inestimable nine, and not only 
because of the simplicity of the language and the clearness with which the 
subject matter is treated, bat also on account of its coming from the highest 
authority, and so furnishing positive information as to the most suitable 
methods of tfaching the science of botany."— Natuks, 

LOGIC— By Professor Stanley Jevons, LL.D., 1 M.A., F.ILS. 
New Edition. i8mo. is. 

" It appears to us admirably adapted to serve both as an introduction 
to scientific reasoning, and as a guide to sound judgment and reasoning 
in the ordinary affairs o4 life."— Acammy, 

POLITICAL ECONOMY— By Professor Stanley Jevons, 

LL.D., M.A., F.R.S. I&no. ix. 
<« 

BoxjtD Chronicle. 



Unquestionably in every respect an admirable primer."— School 
d Ci 



In preparation :— 
ZOOLOGY. By Professor Huxley. &c. 4c. 
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ELEMENTARY CLASS-BOOKS 

ASTRONOMY, by tfeo Astronomer Royal. 

POPULAR ASTRONOMY. With Illustration*. By Sir 
G. B. Airy, K.C.B., Astronqmet Royal New Edition. 
i8mo. 4$. 64. 

ASTRONOMY. 

ELEMENTARY LESSONS IN ASTRONOMY. Witk 

Coloured Diagram of the Spectra of the Sun, Stan* and 

Nebulas, and numerous Illustrations. By J. Norman Lockyer, 

F.R.S. New Edition. Fcap. 8vo. $s. 6d. 

** Full, dear, found, and worthy of attention, not only at a popular 
exposition, bat as a acientioc ' Index.' "— Atjunjuuii. 

QUESTIONS ON LOCKYER S ELEMENTARY LES- 
SONS IN ASTRONOMY. For the Use of Schools. By 
John Forbes-Robertson. i8mo. cloth limp. is. && 

PHYSIOLOGY. 

LESSONS IN ELEMENTARY PHYSIOLOGY. Witex 

numerous Illustrations. By T. H. Huxley, F.R.S., Professor 

of Natural History In the Royal School of Mines. New 

Edition. Fcap. 8vo. 47. 6d. 

" Pun fold throughoat."— Guakpiam. 

"Unquestionably the dearest and moat complete elementary treatise 
on this subject that we possess in any language. "— Wkstmimstek Rkvibw. 

QUESTIONS ON HUXLEY'S PHYSIOLOGY FOR 
SCHOOLS. Py T. Alcock, M.D. i8mo. is. 64. 
BOTANY. 

LESSONS IN ELEMENTARY BOTANY. By D. 
Oliver, F.R.S., F.L.S., Professor of Botany in University 
College, London. With nearly Two Hundred Illustrations. 
New Edition. Fcap. 8vo. 4*. &A 

CHEMISTRY. 

LESSONS IN ELEMENTARY CHEMISTRY, IN- 
ORGANIC AND ORGANIC. By Henry E. Roscoe, 
F.R.S., Professor of Chemistry in the Victoria University the 
Owens College, Manchester. With numerous Illustrations 
andChromo-Litho of the Solar Spectrum, and of the Alkalies 
and Alkaline Earths. New Edition. Fcap. 8vo. 4*. 6d. 

** As a standard general text-book it deserves to take a leading place."— 
Spectator. 

"We unhesitatingly pronounce it the best of all otr elementary treaties 
on Chemistry."— Medical Times. 

C 
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SLBNBKTA1T fft/flP-BOOM Continued— 

A SERIES OF CHEMICAL PROBLEMS, prepared with 
Special Reference to the above, by T. E. Thorpe, Ph.D., Pro- 
fessor of Chemistry in the Yorkshire College of Science, Leeds. 
Adapted for the Preparation of Students for the Government, 
Science, and Society of Arts Examinations. With a Preface by 
Professor Roscoe. New Edition, with Key. i8mo. 2x. 
CHEMICAL ARITHMETIC. With Examples. By Sydney 
Lnpton, M.A., Assistant-Master at Harrow. [In preparation. 

POLITICAL BOONOMT. 

"" POLITICAL ECONOMY FOR BEGINNERS. By 

Milucbmt G. Fawgttt. Ne# Edition. i8mo. a/. 6a\ 

"ttev, compact, and coapnhenm."— Daily Nbws 
* "The relations of capital and labour have never been mere simply or 
more dearly ©xpoundcd."— CoimiMPoaxitY Review. 

LOGIC. 

ELEMENTARY LESSONS IN LOGIC; Deductive and 

Inductive, with copious Questions and Examples, tad a 

Vocabulary of Logical Terms. By W. STANLEY Jbvons, 

LL.D., M.A., F.R.S. New Edition. F«*p. 8vo. $s. 6d. 

" Nothing ean be better for a eehool-boofc'^TCtaAimfiafr. 

"A manual alike simple, interesting, and cdeatifie,"--ATKKN4tiJ]|. 

PHYSICS. 

LESSONS IN ELEMENTARY PHYSICS. ByBAtFOU* 
Stewart, F.R.S., Professor of Natural Philosophy in the 
Victoria University the Owens College, Manchester. With 
numerous Illustrations and Chromolitho of the Spectra of the) 
Sun, Stars, and Nebulae. New Edition. Fcap. 8vo. 41. 6d. 
"The beau-ideal of a scientific text-book, clear, accu rate , and tnorongh." 

— JEOUCATIONA.1. TlMVS. 

QUESTIONS ON BALFOUR STEWART'S ELE- 
MENTAR Y LESSONS IN PHYSICS. By Prof. Thomas 
H. Core, Owens College, Manchester. Fcap. 8vo. 2s. 
PRACTICAL CHEMISTRY. 

THE OWENS COLLEGE JUNIOR COURSE OF 

PRACTICAL CHEMISTRY. By Francis Jonbs, Chemical 
Master in the Grammar School, Manchester* With Preface by 
Professor Roscos, and Illustrations. New Ed, i8mo. *s. 6d. 
CHEMISTRY. 

QUESTIONS ON CHEMISTRY. A Series of Problems 
and Exercises in Inorganic and Organic Chemistry. By 
Francis Jones, F.R.S.E., F.C.S., Chemical Master in the 
Gmmmar School, Manchester. Fcap. fro, 3*. 
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ELEMENTARY OLASS^OOKS CtnMmud— 
ANATOMY. 

LESSONS IN ELEMENTARY ANATOMY. By St. 

George Miyart, F.R.S., Lecturer in Comparative Anatomy 

at St Mary's Hospital With upwards of 400 Illustrations. 

Fcap. 8vo. 6s. &?. 

"It say ba questio n e d whether any other work en i mtw y co nt ai n s in 
like compass fo proportionately great a mats of information. "— LAHorr. 

♦•The werkis excellent, and should be in the hands of every student of 
human anatomy."— Mkokal Tucks. 

■TEAM. 

AN ELEMENTARY TREATISE. By John Perry, 
C.E., Whitworth Scholar, Fellow of the Chemical Society, 
Lecturer in Physics at Clifton College. With numerous Wood- 
cuts and Numerical Examples and Exercises'. i8mo. 4/. 6d. 

" The young engineer and those seeking for a comprehensive knowledge 
of the use, power, and economy of steam, could not have a more useful 
work, as it is very intelligible, well arranged, and practical throughout."— 

IXONMOMGXK. 

PHYSICAL GEOGRAPHY. 

ELEMENTARY LESSONS IN PHYSICAL GEO- 
GRAPHY. By A. Geikie, F.R.S., Director-Genera of 
the Geological Survey. With numerous Illustrations. Fcap. 
8m 4?. 6d. 
QUESTIONS ON THE SAME. u. 6d. 

GEOLOGY. 

ELEMENTARY LESSONS IN GEOLOGY. By the 
same Author. [In preparation. 



CLASS-BOOK OF GEOGRAPHY. By G B. Clarke, M. A., 
F.L.S., F.G.S. New Edition, with Eighteen Coloured Maps. 
Fcap. 8m 31. 

NATURAL PHILOSOPHY. 

NATURAL PHILOSOPHY FOR BEGINNERS. By 
I. Todhdnter, M.A., F.R.S. Part L The Properties of 
Solid and Fluid Bodies. i8mo. 3* 6a\ 
Part IL Sound, Light, and Heat i8mo. &. 6d. 

MORAL PHILOSOPHY. 

AN ELEMENTARY TREATISE, £y Prof. E. Caird, 
of Glasgow University. [In preparation. 

d% 



I 
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8LBMBNTARY CLASS BOORS Continued— 
ELECTRICITY AND MAGNETISM. 

ELEMENTARY LESSONS IN ELECTRICITY AND 
MAGNETISM. By Prof. Silvanus P. Thompson, of Uni- 
versity College, Bristol. With Illustrations. ' Fcap. 8vo. 4s, 6d, 

SOUND. 

AN ELEMENTARY TREATISE. By W. H. Stone, 
M.B. With Illustrations. i8ma &.6d. 

PSYCHOLOGY. 

ELEMENTAR Y LESSONS IN PSYCHOLOGY. By G. 
Croom Robertson, Professor of Mental Philosophy, &c, 
University College, London. [In preparation 

AGRICULTURE — ELEMENTS OF A GR1CUL TURAL 
SCIENCE. ByH. Tanner, F.C.S., Professor of Agricultural 
Science, University College, Aberystwith. Fcap. 8vo. 3*. 6d. 

ECONOMICS— THE ECONOMICS OF INDUS TR Y. By A. 

Marshall, M. A., late Principal of University College, Bristol, , 

and Mary P. Marshall, late Lecturer at Newnham Hall, 

Cambridge. Extra fcap. 8vo. zs. 6d. 

"The book is of sterling value, and will be of great use to students and 
teachers."— Athkn^bum. 

Others in Preparation* 

MANUALS FOR STUDENTS; 

Crown 8vo. 

COSSA— GUIDE TO THE STUDY OF POLITICAL 
ECONOMY. % Dr. Luigi Cossa, Professor in the 
University of Pavia. Translated from the Second Italian 
Edition. With a Preface by W*. Stanley Jevons, F.R.S. 
Crown 8vo. 4s. 6d. 

DYER AND VINES— 7#E STRUCTURE OF PLANTS. By 
Professor Thisrlton Dyer, F.R.S., assisted by Sydney 
Vines, B.Sc, Fellow and Lecturer of Christ's College, 
Cambridge. • With numerous Illustrations. [In preparation. 

FAWCBTT — A MANUAL OF POLITICAL ECONOMY. 
By Right Hon. Henry Fawcett, M.P, New Edition, 
revised and enlarged. Crown 8vo. raj. 



SCIENCE. 37 

i 

MANUALS FOR STUDENTS Continued— 

FJUEISOHBR— A SYSTEM OF VOLUMETRIC ANALY- 
SIS. Translated, with Notes and Additions, from the second 
German Edition, by M. M. Pattison Muir, F.R.&E. With 
Illustrations. Crown 8vo. p. 6d. 

PLOWBR (w- n.)— AN INTRODUCTION TO THE OSTE- 
OLOGY OF THE MAMMALIA. Being the substance of 
. the Course of Lectures delivered at the Royal College of 
Surgeons of England in 187a By Professor W. H. Flower, 
F.R.S.,F.R.C.S. With numerous Illustrations. New Edition, 
enlarged. Grown Svo. iar. 6d. 

FOSTER AND BALFOUR— PRACTICAL EMBRYOLOGY. 
By Michael Foster, M.A., F.R.S., and F. M. Balfour, 
F.R.S. Second Edition, revised and enlarged. 

[In preparation. 

FOSTER and LANOLET— A COURSE OF ELEMENTARY 
PRACTICAL PHYSIOLOGY. By Michael Foster, 
M.D., F.R.S., and J. N. Langley, B.A. New Edition. 
Crown 8m 6s. 

HOOKER— THE STUDENT'S FLORA OF THE BRITISH 
ISLANDS. By Sir J. D. Hooker, K.C.S.I., C.B., F.R.S., 
M.D., D.C.L. New Edition, revised. Globe 8vo. ioj. 6a*. 

HUXliBT— PHYSIOGRAPHY. An Introduction to the Study of 
Nature. By Professor Huxi^ey, F.R.S. With numerous Illus- 
trations, and Coloured Plates. Third and Cheaper Edition. 
Crown 8vo. 6s. 

HUXLEY and MARTIN— A COURSE OF PRACTICAL 
INSTRUCTION IN ELEMENTARY BIOLOGY. By 
Professor Huxley, F.R.S., assisted by H. N. Martin, M.B., 
D.Sc New Edition, revised. Crown 8vo. 6s. 

nvOKB—THE PRINCIPLES OF SCIENCE. A Treatise 
on Logic and Scientific Method. By Professor W. Stanley 
Jevons, LL.D., M.A., F.R.S. New and Revised Edition. 
Crown 8vo. 12s. 6d. 

STUDIES IN DEDUCTIVE LOGIC. By Professor 
W. Stanley Jevons, LL.D., M.A,, F.R.S. Crown 8vo. 6s. 
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MANUALS FOR STUMNTS Continued— 

KENNEDY — MECHANICS OF MACHINERY. By 

A. B. W. KENNEDY, M. Inst. C.E., Profc«or of Engineering 

and Mechanical Technology in University College, London. 

With Illustrations. Crown 8vo. [In the press. 

KtEPBRT— A MANUAL OF ANCIENT GEOGRAPHY. 

From the German of Dr. H. Kikpert. Crown 8vo. $s. 

OLIVER (Wrofnuor)— FIRST BOOK OF INDIAN BOTANY 
By Professor Daniel Oliver, F.R.S., F.L.S., Keeper of 
the Herbarium and Library of the Royal Gardens, Kew. 
With numerous Illustrations. . Extra fcap> 8vo. 6s. 6d. 

PARKER— y* COURSE OF INSTRUCTION IN ZOOTOMY 
(VERTEBRATA). By T. Jeffrey Parker, B.Sc. Lond., 
Professor of Biology in the University of Otago. With Illus- 
trations. Crown 8vo. [In the press. 

PARKER and BETTANY— THE MORPHOLOGY OF 
THE SKULL. By Professor Parker and G. T. Bettany. 
Illustrated. Crown 8vo. 10s. 6d. 

ROBINSON— TREA TISE ON MARINE SURVEYING. 
By Rev. John L. Robinson, Chaplain and Instructor in the 
Royal Naval College, Greenwich. With Illustrations. Crown 
8vo. [In the press. 

SMITH, ADAM— THE WEALTH OF NATIONS. By 
Adam Smith. Edited with Notes, &c, for the Use of 
Students, by W. Stanley Jevons, LL.D., M.A., F.R.S. 
Crown 8vo. [In preparation. 

TAIT— AN ELEMENTARY TREATISE ON HEAT. By 
Professor Tait, F.R.S. E. Illustrated. [In the press. 

TYLOR— ANTHROPOLOGY. An Introduction to the Study of 
Man and Civilisation. By E. B. Tylor, D.C.L., F.R.S. 
With numerous Illustrations. Crown 8vo. *js. 6d 
Other volumes of these Manuals will follow. 

SCIENTIFIC TEXT-BOOKS. 

BALFOUR— A TREATISE ON COMPARATIVE EMBRY- 
OLOGY. By F. M. Balfour, M.A., F.R.S., Fellow and 
Lecturer of Trinity College, Cambridge. With Illustrations. 
In 2 vols. 8vo. i8ji^each. 
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SCIENTIFIC TEXT-BOOKS Continued— 

BALL (ft. •., A.M.)— EXPERIMENTAL MECHANICS. A 
Course of Lectures delivered at the Royal College of Science 
for Ireland. By R. 3. Ball, A.M., Professor of Applied 
Mathematics and Mechanics in the Royal College of Science 
for Ireland. Cheaper Issue. Royal 8vo. \os. 6d. 

BRX7NTON — A TREATISE ON MATERIA MEDIC A. 
By T. Lauder Brunton, M.D., F.R.S. Svo. 

[In preparation. 

tl^TJBliJB— MECHANICAL THEORY OF HEAT. By R. 
Clausius. Translated by Walter R. Browne, M.A., late 
Fellow of Trinity College, Cambridge. Crown 8vo. ios. 6d. 

CQTTSRILL— ^4 TREATISE ON APPLIED MECHAN- 
ICS. By James Cotterill, M.A., F.R.S. , Professor of 
Applied Mechanics at the Royal Naval College, Greenwich. 
With Illustrations, 8vo. [In preparation. 

danism— a Treatise on Physics for medical 

STUDENTS. By Alfred Daniell. With Illustrations. 
$vo. {In preparation, 

roSTBB— A TEXTBOOK Of PHYSIOLOGY. By Michael 
Foster, M.D., F.R.S. With Illustrations. Third Edition, 
revised. 8vo. 2is. 

SAMGEE-^ TEXT-BOOK OF THE PHYSIOLOGICAL 

CHEMISTRY OF THE ANIMAL BODY. Including an 

account of the chemical changes occurring in Disease. By 

A. Gamgke, M.D., F.R.S., Professor of Physiology in the 

Victoria University the Owens College, Manchester. 2 Vols. 

8vo. With Illustrations. Vol. I. i8j. 

[Vol. II in the press. 

GBQENBAUR— ELEMENTS OF COMPARATIVE ANA- 
TOMY. By Professor Carl Gegenbaur. A Translation by 
F. Jeffrey Bell, B. A. Revised with Preface by Professor 
E. Ray Lankester, F.R.S. With numerous Illustrations. 
8vo. 21s. 

6BIKH3— TEXT-BOOR' OF GEOLOGY. By Archibald 
GEIKIE, F.R.S., Director-General of the Geological Survey. 
With numerous Illustrations. 8vo. [In the pntss. 
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SCIENTIFIC TBXT-BOOKS Continued. 

GRAY- STRUCTURAL BOTANY, OR ORGANOGRAPHY 
ON THE BASIS OF MORPHOLOGY. To which are 
added the principles of Taxonomy and Phytography, and a 
Glossary of Botanical Terms. By Professor Asa Gray, 
LL.D. 8vo. ioj. 6d. 

HAMILTON— ,4 TEXTBOOK OF PATHOLOGY. By D. 
T. Hamilton. 8vo. [In preparation. 

MUI.BBR-- THE FERTILIZATION OF PLANTS BY 
INSECTS. By Hermann Miller, Translated by W. 
#Arcy Thompson, with Preface by Charles Darwin. 
8vo. [In preparation. 

NBWCOMS— POPULAR ASTRONOMY. By S. Newcomb, 
LL.D., Professor U.S. Naval Observatory. With 1 12 Illus- 
trations and 5 Maps of the Stars. 8to. i8j. 

'• It is nillike anything else of its kind, and will be of more use in cir- 
culating a knowledge of astronomy than nine-tenths of the books which 
have appeared on the subject of late years.*'— Saturday Review. 

RHULBAUX — THE KINEMATICS OF MACHINERY. 
Outlines of a Theory of Machines. By Professor F. Reuleaux. 
Translated and Edited by [Professor A. B. W. Kennedy, 
CE. With 450 Illustrations. Medium $vo. 2ls. 

ROSCOE and 8CHORLBMMBR — INORGANIC CHEMIS- 
TRY. A Complete Treatise on Inorganic Chemistry. By 
Professor ,H. £. Roscoe, F.R.S., and Professor C. Schor. 
lemmer, F.R.S. With numerous Illustrations. Medium 8vo. 
Vol. I.— The Non-Metallic Elements. 21s. Vol. II. Part I.— 
Metals. z8x. Vol. II. Part I L— Metals. i8j. 

Vol. 111.— ORGANIC CHEMISTRY. Part I.— THE 
CHEMISTRY OF THE HYDROCARBONS ; and their 
Derivatives or ORGANIC CHEMISTRY. With numerous 
Illustrations. Medium 8vo. 21s. [Part II, in the press. 

BCHORLIHMER-^ MANUAL OF THE CHEMISTRY OF 
THE CARBON COMPOUNDS, OR ORGANIC CHE- 
MISTRY. By C. Schorismmsr, F.R.S., Professor of 
Chemistry ia the Victoria University, the Owens College, 
Manchester. With Illustrations. 8vo. 141. 

evtrru—A DICTIONARY of ECONOMIC PLANTS. By 
JOVMf&mtH. 8vo. \Just ready. 
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SCIENTIFIC TEXT-BOOKS Continued— 

THORPE AND RtiOKER-^ 7WA4 72S£ 0JV CHEMICAL 
PHYSICS. By Professor Thorpe, F.R.S., and Professor 
Rucker, of the Yorkshire College of Science. Illustrated, 
8vo. / [In preparation. 

ZIEGI.BR— macaustbr- TEXT book OF PA 7 HO- 

LOGICAL ANATOMY. By Ernst Ziegler of Ziirich. 

Translated and Edited by Donald MacAlister, M.A., 

D.Sc, Fellow of St. John's College, Cambridge. 8vo. 

[In preparation. 

NATURE SERIES. 

THE SPECTROSCOPE AND ITS APPLICATIONS. By 
J. Norman Lockyer, F.R,S. With Coloured Plate and 
numerous Illustrations. Second Edition. Crown 8vo. 3*. 6d. 

THE ORIGIN AND METAMORPHOSES OF INSECTS. 
By Sir John Lubbock, M.P., F.R.S., I>.C.L. With nume- 
rous Illustrations. Second Edition. Crown Svo. 3-f. 6d. 

THE TRANSIT OF VENUS. By G. Forbes, M.A., Pro- 
fessor of Natural Philosophy in the Andersonian University, 
Glasgow. Illustrated. Crown 8vo. 3*. 6V. 

THE COMMON FROG. By St. George Mtvart, F.R.S. 
Lecturer in Comparative Anatomy at St Mary's Hospital 
With numerous Illustrations. Crown 8vo. 3*. 6d. 

POLARISATION OF LIGHT. By W. Spottiswoode, P.R.S., 
With many Illustrations. Second Edition. Crown 8vo. 3J. 6d. 

ON BRITISH WILD FLOWERS CONSIDERED IN RE- 
LATION TO INSECTS. By Sir John Lubbock, M.P., 
F.R.S. With numerous Illustrations. Second Edition. Crown 
Svo. 4*. 6d. 

THE SCIENCE OF WEIGHING AND MEASURING, AND 
THE STANDARDS OF MEASURE AND WEIGHT. 
By H. W. Chisholm, Warden of the Standards. With 
. numerous Illustrations. Crown 8vo. 4/. &/.' 

HOW TO DRAW A STRAIGHT LINE: a Lecture on Link- 
ages. By A. B. Kemps. With Illustrations. Crown 8 vo. it. 6d. 

LIGHT: a Series of Simple, Entertaining, and Inexpensive Expe- 
riments in^the Phenomena of Light, for the Use of Students of 
every age. By A. M. Mayer and C. Barnard. Crown Svo, 
with numerous Illustrations, as. 6a*. 
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NATUBS SERIB8 Continued— 

SOUND: a Series of Simple, Entertaining, and Inexpensive Ex- 
periments in the Phenomena of Sound, for the use of Students 
of every age. By A. M. Mayer, Professor of Physics in 
the Stevens Institute of Technology, &c With numerous 
Illustrations. Crown 8vo. %s. 6d. 

SEEING AND THINKING. By Professor W, K. Clifford. 
F.R.S. With Diagrams. Crown 8vo. y. 6d. 

DEGENERATION. By Prof. E. Ray Lankestbr, F.R.S. 
With Illustrations. Crown 8vo. 2$. 6d. 

FASHION IN DEFORMITY, as IUustrated in the Customs of 
Barbarous and Civilised Races. By Prof. Flower. With 
Illustrations. Crown 8vo. is. 6d. 

ON THE COLOUR OF FL6WERS. By Grant Allen. 
With Illustrations. Crown 8vo. [In preparation. 

Other volumes id follow. 

EAST LESSONS IN SCIENCE. 

Edited by Prof. W. F. Barrett. Extra fcap. 8vo. 

HE A T. By Miss C. A. Martinrau. Illustrated, is. 6d. 
LIGHT. By Mrs. Awdry. Illustrated. *s. 6d. 
ELECTRICITY. By Prof. W. F. Barrett. [In preparation. 

SCIENCE LECTURES AT SOUTH 
KENSINGTON. 

VOL. /. Containing Lectures by Capt Abney, Pref. Stokes, 
Prof. Kennedy, F. G. Bramwrll, Prof. G. Forbes, H. C 
Sorby, J. T. Bottomley, S. H. Vines, and Prof. Carey 
Foster. Crown 8vo. 6j. 

VOL. II. Containing Lectures by W. SpottiswooDe, P.R.S., 
ProC Forbes, Prof. Pigot, Prof. Barrett, Dr. Burdon- 
Sanderson, Dr. Lauder Brunton, F.R.S., Prof. Roscoe, 
and others. Crown 8vo. 6s. 

MANCHESTER SCIENCE LECTURES 
FOR THE PEOPLE. 

Eighth Series, 1876-7. Crown 8vo. Illustrated. 6d. each. 

WHAT THE EARTH IS COMPOSED OF. By Professor 
Roscoe, F.R.S. 

THE SUCCESSION OF LIFE ON THE EARTH. By 
Professor Williamson, F.R.S. 

WHY THE EARTH'S CHEMISTRY IS AS IT IS. By 
J. N. Lockybr, F.R.S. 

Also complete in One Volume. Crown 8vo. cloth, a/. 
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AUBUOX-OWL—ELEMENTAR Y APPLIED MECHANICS; 
being the simple and more practical Cases of Stress and Strain 
wrought out individually from first principles by means of 
Elementary Mathematics. By T. Alexander, C.E., Professor 
of Civil Engineering in the Imperial College of Engineering, 
Tokei, Japan. Crown 8vo. 4s. 6d. 

BBTTANY.— FIRST LESSONS IN PRACTICAL BOTANY. 
By G. T. Bettany, M.A., F.L.S., Lecturer in Botany at 
Guy's Hospital Medical School. i8mo. is. 

BLANFORD— THE RUDIMENTS OF PHYSICAL GEO- 
GRAPHYFOR THE USE OF INDIAN SCHOOLS ; with 
a Glossary of Technical Terms employed. By H. F. Blanford, 
F.R.S. New Edition, with Illustrations. Globe 8to. 2s. 6d. 

EVERETT— UNITS AND PHYSICAL CONSTANTS. By 
J. D. Everett, F.R.S., Professor of Natural Philosophy, 
Queen's College, Belfast. Extra fcap. 8vo. 4*. 6d. 

GEIKIE.— OUTLINES OF FIELD GEOLOGY. By Ptof. 
Gkikie, F.R.S. With Illustrations. Extra fcap. 8to. 3J.6V/. 

IsAXtDKUn'K-BLOJVPIPE ANALYSIS. By J. Landauer. 
Authorised English Edition by J. Taylor and W. E. Kay, of 
Owens College, Manchester. Extra fcap. 8vo. 4s. 6d. 

MUIR— PRACTICAL CHEMISTRY FOR MEDICAL STU- 
DENTS. Specially arranged for the first M.B. Course. By 
M. M. Pattison Muir, F.R.S.E. Fcap. 8vo. is. 6d. 

K'mmannicm— outlines of physiology in its 

RELATIONS TO MAN. By J. G. M'Kendrick, M.D., 
* F.R.S.E. With Illustrations. Crown 8to. I2j. 6d. 

MIAXJU—STUDIES IN COMPARATIVE ANATOMY. 

No. I. — The Skull of the Crocodile : a Manual for Students. 
By L. C. Mi all, Professor of Biology in the Yorkshire College 
and Curator of the Leeds Museum. 8vo. Zs. 6d. 
No. IL — Anatomy of the Indian Elephant By L. C. MiALL 
and F. Greenwood. With Illustrations. 8vo. £r. 

SHANN— AN ELEMENTAR Y TREA TISE ON HE A T, IN 
RELATION TO STEAM AND THE STEAM-ENGINE. 
By G. Shann, M.A. With Illustrations. Crown 8^0. 4s. 6d. 
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TANViMR— FIRST PRINCIPLES OP AGRICULTURE. By 
H. Tanner, F.C.S., Professor of Agricultural Science, 
University College, Aberystwith, &c i8mo. is. 

THE PRINCIPLES OF AGRICULTURE: a Series of 
Reading-Books for use in Elementary Schools. Prepared by 
Professor Tanner. Extra fcap. 8vo. 

I. The Alphabet of the Principles of Agriculture. &£ 
II. Further steps in the Principles of Agriculture, is. 

ELEMENTS OP AGRICULTURAL SCIENCE., Fcap. 

8vo. y . 6d. 
WRIGHT— METALS AND THEIR CHIEF INDUSTRIAL 
, APPLICATIONS. By C. Aldkr Wright, D.Sc., &c. 

Lecturer on Chemistry in St Mary's Hospital Medical School. 

Extra fcap. 8vo. 3*. 6d. 

HISTORY. 

ARNOLD—7WS ROMAN SYSTEM OF PROVINCIAL 

ADMINISTRATION TO THE ACCESSION OF CON- 

STANTINE THE GREAT. By W. T. Arnold,- B.A. 

Crown 8vo. 6s. 

"Ought to prove a valuable handbook to the student of Roman 
history. — Guardian. 

BBESI.Y— STORIES FROM THE HISTORY OF ROME. 
By Mrs. Beesly. Fcap. 8vo. 2s. 6d. 

" The attempt appears to us in every way successful. TJye stories are 
interesting in themselves, and are told with perfect simplicity and good 
feeling."— Daily News. 

BUOOK— FRENCH HIS TOR YFOR ENGLISH CHILDREN- 
By Sarah Brook. With Coloured Maps. Crown 8vo. 6s. 

FREEMAN (EDWARD A.)— OLD-ENGLISH HISTORY. 
By Edward A. Freeman, D.C.L., LL.D., late Fellow of 
Trinity College, Oxford. With Five Coloured Maps. New 
Edition. Extra fcap. 8vo. half-bound. 6s. 

ORBRN— A SHORT HISTORY OF THE ENGLISH 

• PEOPLE. By John Richard Green, M.A., LL.D. With 

Coloured Maps, Genealogical Tables, and Chronological 

Annals. Crown 8vo. Ss. 6d. Eightieth Thousand. 

" Stands alone as the one general history of the country { for the sake 
of which all others, if young and old are wise, will be speedily and surely 
set aside. "—Academy. 
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GREEN Continued— 

READINGS FROM ENGLISH HISTORY. Selected 
and Edited by John Richard Green, M.A., LL.D., 
Honorary Fellow of Jesus College, Oxford. Three Parts. 
Globe 8vo. is. 6d. each. L Hengist to Cressy. IL Cressy 
to Cromwell. III. Cromwell to Balaklava. 

QUEST— LECTURES ON THE HISTORY OF ENGLAND. 
By M. J. Guest. With Maps. Crown 8vo. 6s. 

" It is not too much to assert that this is one of the very best class books 
of English History for young students ever published." — Scotsman. 

HI8TORICA& COTJRSB FOR SCHOOLS — Edited by 

Edward A. Freeman, D.C.L., late Fellow of Trinity 

College, Oxford. 

L GENERAL SKETCH OF EUROPEAN HISTORY. 

By Edward A. Freeman, D.C.L. New Edition, revised 

and enlarged, with Chronological Table, Maps, and Index. 

l8mo. cloth. 31. 6d. 

" It supplies the great want of a good foundation for historical teaching. 
The scheme is an excellent one, and this instalment has been executed in 
a way that promises much for the volumes that are yet to appear."— 
Educational Times. 

II. HISTORY OF ENGLAND. . By Edith Thompson. 
New Edition, revised and enlarged, with Coloured Maps. i8mo. 
%s.6d, 

III. HISTORY OF SCOTLAND. By Margaret 
Macarthur, New Edition. i8mo. 2s. 

** An excellent summary, unimpeachable as to facts, and putting them 
in the clearest and most impartial light attainable.*— Guardian. 

IV. HISTORY OF ITALY. By the Rev. W. Hunt, M.A. 

i8mo. 3*. 

"It possesses the same solid meritas its predecessors .... the same 
scrupulous care about fidelity in details. ... It is distinguished, too, by 
information on art, architecture, and social politics, in which the writers 
prasp is seen by the firmness and clearness of his touch"— Educational 
Timss. 

V. HIS70RY OF GERMANY. By J. Sime, M.A. 

l8mo. $s. 

"A remarkably clear and impressive history of Germany. Its great 



events are wisely kept as central figures, and the smaller events are care* 
fully kept, not only subordinate and subservient, but most skilfully woven 
into the texture of the historical tapestry presented to the eye."— 
Standard. 

VI. HISTORY OF AMERICA. By John A. Doyle. 

With Maps. i8mo. 4s. 6a. 

" Mr. Doyle has performed his task with admirable care, fulness, and 

clearness, and for the first time we have for schools an accurate and inter- * 

•esting history of America, from the earliest to the present tunc**— 1 

Standard. 
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HISTORICAL COURSE FOR SCHOOLS Continued— 

EUROPEAN COLOMES. By E. J. Payne, M. A. With 
Maps. i8mo. 4*. 6d. 

"We have seldom met with an historian capable o£ forming a mora 
comprehensive, far-seeing, and unprejudiced estimate c& events and 

Seoples, and we can commend this little work as one certain to prove o£ 
le highest interest to all thoughtful readers."— Times. 

FRANCE. By Charlotte M. Yonge. With Maps. iSmo. 
3*. 6d. 

"An admirable text-book for the lecture room."— Academy. 

GREECE. By Edward A. Freeman, D.C.L. 

[In preparation. 

ROME. By Edward A. Freeman, D.C.L. [In the press. 

HISTORY PRIMERS— Edited by JOHN RICHARD GREEN. 
Author of " A Short History of the English People.", 

ROME. By the Rev. M. Creighton, M.A., late Fellow 

and Tutor of Merton College, Oxford. With Eleven Maps. 

i8mo. ix. 

"The author has been curiously successful in telling in an intelli- 
gent way the story of Rome horn first to last."— School Board 
Chronicle. 

GREECE. By C. A. Fyffe, M.A., Fellow and late Tutor 

of University College, Oxford. With Five Maps. i8mo. is. 
"We give our unqualified praise to this little manual ■ "—School- 

MASTER. 

EUROPEAN HISTORY. By E. A. FREEMAN, D.C.L., 

LL.D. With Maps. i8mo. is. 

"The work is always clear, and forms a luminous key to European 
^history."— School Board Chronicle. 

GREEK ANTIQUITIES. By the Rev. J. P. Mahaffy, 

M.A. Illustrated. l8mo. is. 

"All that is necessary for tin scholar to know is told so compactly yet 
so fully, and in a style so interesting, that it is impossible for even the 
dullest boy to look on this little work in the same light as he regards his 
other school books."— Schoolmaster. 

CLASSICAL GEOGRAPHY. By H. F. Tozer, M.A. 

l8mo. is. 

"Another valuable aid to the study of the ancient world. ... It 
contains an enormous quantity of information packed into a small space, 
and at the same time communicated in a very readable shape."— John Bull. 

GEOGRAPHY. By George Grove, D.C.L. With Maps. 

i8mo. is. 

"A model of what such a work should be .... we know o£ no short 
treatise better suited to infuse life and spirit into the dull lists of proper 
names of which our' ordinary class-books so often almost exclusively 
consist. "—Times. 
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H1STORT PR1MBR* Com&mHd— 

ROMAN ANTIQUITIES. By Professor Wilkins. Illus- 
trated. i8mo. u. 

"A little book that throws a blase of light on Roman History, and 
isi moreover, intensely interesting."— 'School Board ChronicU. 

FRANCE. By Charlotte M. Yonge. i8mo. is. 

" May be considered a wonderfully successful piece of work Its 

general merit as a vigorous and clear sketch, giving in a small space a 
vivid idea o£ the history of France* remains undeniable." — Saturday 
Review. 

In preparation : — 

ENGLAND. "By]. R. Green, M.A. 

LETHBRIDGE— A SHORT MANUAL OF THE HISTORY 
OF INDIA. With an Account of India as it is. The 
Soil, Climate, and Productions ; the People,- their Races, 
Religions, Public Works, and Industries ; the Civil Services, 
and System of Administration. By Roper Lethbridge, 
M.A., C.I.E., late Scholar of Exeter College, Oxford, formerly 
Principal of Kishnaghur College, Bengal, Fellow and sometime 
Examiner of the Calcutta University. With Maps.* Crown 
8vo. Jj. 

MICHELET— .4 SUMMARY OF MODERN HISTORY. 
Translated from the French of M. Michelbt, and continued to 
the Present Time, by M. C. M. Simpson. Globe ftm 4*. 6d. 

OTT6— SCANDINAVIAN HISTORY. By E. C. On*. 
With Maps. Globe 8vo. 6s. 

VAVW—FIC7URES OF OLD ENGLAND. By Dr. R. 
Pauli. Translated with the sanction of the Author by 
E. C. Otte. Cheaper Edition. Crown 8vo. 6s. 

RAMSAY— ,4 SCHOOL HISTORY OF ROME. By G. G. 
Ramsay, M.A., Professor of Humanity in the University of 
Glasgow. With Maps. Crown 8vo. [In preparation. 

T AIT— ANAL YSIS OF ENGLISH HIS TOR Y $ based on Green's 
"Short History of the English People." By C. W. A. Tait, 
M. A., Assistant-Master, Clifton College. Crown 8vo. 3;. 6d. 

WHBBI.BR— A SHORT HISTORY OF INDIA AND OF 

THE FRONTIER STATES OF AFGHANISTAN, 

NEFAUL, AND BURMA. By J. Talboys Wheeler. 

With Maps. Crown 8vo. 12s. 

" It is the best book of the kind we have ever seen, and we recommend 
it to a place in every school library."— Educational Times. 
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YONOE (OHARLOTTB *.)— A PARALLEL HISTORY &P 

FRANCE AND ENGLAND x consisting of Outlines and 

Dates. By Charlotte M. Yongk, Author of " The Heir 

of Redclyffe," &c t &c Oblong 4to. $s. 6d. 

CAMEOS FROM ENGLISH HISTORY. —FROM 

ROLLO TO EDWARD II. By the Author of "The Heir 

of Redclyffe.** Extra fcap. 8to. New Edition, $s. 

A SECOND SERIES OF CAMEOS FROM ENGLISH 

HISTORY— THE WARS IN FRANCE. New Edition. 

Extra fcap. 8vo. 51. 

A THIRD SERIES OF CAMEOS FROM ENGLISH 

HISTORY— THE WARS OF THE ROSES. New Edition. 

Extra fcap. 8vo. $s. 

A FOURTH SERIES— REFORMATION TIMES. Extra 

Fcap. 8vo. 5 J » 

EUROPEAN HISTORY. Narrated in a Series, or 

Historical Selections from the Best Authorities. Edited and 

arranged by E. M. Sbwell and C. M. Yongk. First Series, 

1003— 1 154. Third Edition. Crown 8vo. 6>. Second 

Series, 1088— 1228. New Edition. Crown 8m 6s. 

DIVINITY. 

* # * For other Works by these Authors, see Theological 

Catalogue. 

ABBOTT (RBV. B. A.)— BIBLE LESSONS. By the Rev. 

E. A. Abbott, D.D., Head Master of the City of London 

School. New Edition. Crown 8vo. 4^. 6d. 

" Wise, suggestive, and really profound initiation into religions thought" 
— Guardian. 

ARNOLD— A BIBLE-READING FOR SCHOOLS— THE 
GREAT PROPHECY OF ISRAEL'S RESTORATION 
(Isaiah, Chapters xL— lxvi.). Arranged and Edited for Young 
Learners. By Matthew Arnold, D.C.L., formerly 
Professor of Poetry in the University of Oxford, and Fellow 
of Oriel. New Edition. i8mo. cloth, is. 
ISAIAH XL.— LXVI. With the Shorter Prophecies allied 
to it Arranged and Edited, with Notes, by Matthew 
Arnold. Crown 8vo. $s. 

CHEETHAM-^ CHURCH HISTORY OF THE FIRST 
SIX CENTURIES. By the Ven. Archdeacon Chret- 
ham. Crown 8vo. [In the puss. 
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CVRTRIS— MANUAL OF THE THIRTY-NINE AR- 
TICLES. By G. H. Curteis, M.A., Principal of the 
Lichfield Theological College. {In preparation. 

GABKQIN—THE CHILDREN'S TREASURY OF BIBLE 
STORIES. By Mrs. Herman Gaskoin. Edited with 
Preface by the Rev. G. F. Maclear, D.D. Part I.— OLD 
TESTAMENT HISTORY. i8mo is. Part II.— NEW 
TESTAMENT. i8mo. is. Part III— -THE APOSTLES : 
ST. JAMES THE GREAT, ST. PAUL, AND ST. JOHN 
THE DIVINE. i8mo. is. 

GOLDEN TRBASURT PSALTER— Students' Edition, Being 
an Edition of "The Psalms Chronologically Arranged, by 
Four Friends," with briefer Notes. l8mo, $s. 6d. 

GREEK TESTAMENT. Edited, with Introduction and Appen- 
dices, by* Canon Westcott and Dr. F. J. A. Hort. Two 
Vols. Crown 8vo. ios. 6d. each* 

Vol. I. The Text. 

Vol. II. Introduction and Appendix. 

HARDWIOK— Works by Archdeacon Hardwick. 

A HISTORY OF THE CHRISTIAN CHURCH. 
Middle Age. From Gregory the Great to the Excommuni- 
cation of Luther. Edited by William Stubbs, M.A., Regius 
Professor of Modern History in the University of Oxford. 
With Four Maps. Fourth Edition. Crown 8vo. ios. 6d. 

A HISTORY OF THE CHRISTIAN CHURCH DURING 
THE REFORMATION. Fourth Edition. Edited by Pro- 
fessor Stubbs. Crown 8vo. ior. 6a\ 

BXHQr-CHURCH HISTORY OF IRELAND. By the Re*. 
RobbrtKing. New Edition. 2 vols. Crown 8vo. 

[In preparation. 

MACLEAR— Works by the Rev. G. F. Maclear, D.D., 
Warden of St. Augustine's College, Canterbury. 
A CLASS-BOOK OF OLD TESTAMENT HISTORY. 
New Edition, with Four Maps. i8mo. 4s. 6d. 

A CLASS-BOOK OF NEW TESTAMENT HISTORY, 
including the Connection of the Old and New Testament 
With Four Maps. New Edition. i8mo. 5*. 6d. 
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MACLEAR Continued— 

A SHILLING BOOK OF OLD TESTAMENT 
HIS TOR Y, for National and Elementary School*. With 
Map. i8ma cloth. New Edition. 

A SHILLING BOOK OF NEW TESTAMENT 
HISTORY, for National and Elementary Schools. With 
Map. i8mo. cloth. New Edition. 

These works have been carefully abridged from the author's 
larger manuals. 

CLASS-BOOK OF THE CATECHISM OF THE 
CHURCH OF ENGLAND. New Ed. i8mo. doth. u. 6d. 

A FIRST CLASS-BOOK OF THE CA TECHISM OF 
THE CHURCH OF ENGLAND, with Scripture Proofs, ' 
for Junior Classes and Schools. New Edition. i8mo. * 6d. 

A MANUAL OF INSTRUCTION FOR CONFIRMA- 
TION AND 1 FIRST COMMUNION. WITH PRAYERS 
AND DEVOTIONS. 32mo. cloth extra, red edges. 2s. 

MAURICE— THE LOR&S PRAYER, THE CREED, AND 
THE COMMANDMENTS. Manual for Parents and School- 
masters. To which is added the Order of the Scriptures. By the 
Rev. F. Denison Maurice, M.A. iSmo. cloth, limp, is. 

PROCTER—.* HISTORY OF THE BOOK OF COMMON 
PRAYER, with a Rationale of its Offices. By Francis 
Procter, M.A. Fourteenth Edition, revised and enlarged. 
Crown 8vo. iotr. 6d. 

PROCTER AND MACLEAR— AN ELEMENTARY INTRO' 
DUCTION TO THE BOOK OF COMMON PRA YER. 
Re-arranged and supplemented by an Explanation of the 
Morning and Evening Prayer and the Litany. By the 
Rev. F. Procter and the Rev. Dr. Maclear, New 
and Enlarged Edition, containing the Communion Service and 
the Confirmation and Baptismal Offices. i8mo. 2$. 6cL 

PSALMS OF DAVID CHRONOLOGICALLY ARRANGED. 
By Four Frltads. An Amended Version, with Historical 
Introduction and Explanatory Notes. Second and Cheaper 
Edition, with Additions and Corrections. £& 8vo* &r. 6d. 
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RAMSAY— THE CATECHISERS MANUAL; or, the Church 
Catechism Illustrated and Explained, for the Use of Clergy- 
men, Schoolmasters, and Teachers. By the Rev. Arthur 
Ramsay, M.A. New Edition. i8mo. u. 64 

SIMPSON— AN EPITOME OF THE HISTORY OF THE 
CHRISTIAN CHURCH By William Simpson, M.A. 
New Edition. Fcap. 8va y. 6d. 

TRENCH— By R. C. TRENCH, D.D., Archbishop of Dublin. 
LECTURES ON MEDIEVAL CHURCH HISTORY. 
Being the substance of Lectures delivered at Queen's College, 
London. Second Edition, revised. 8vo. 12s. 
SYNONYMS OF THE NEW TESTAMENT. Ninth 
Edition, revised. 8vo. 12s. 

WBSTCOTT— Works by Brooks Foss Wbstcott, D.D., Canon 
of Peterborough. 

A GENERAL SURVEY OF THE HISTORY OF THE 
CANON OF THE NEW TESTAMENT DURING THE 
FIRST FOUR CENTURIES. Fourth Edition. With 
Preface on "Supernatural Religion." Crown 8vo. lor. &/. 
INTRODUCTION TO THE STUDY OF THE FOUR 
GOSPELS. Fifth Edition. Crown 8vo. lor. 64. 

THE BIBLE IN THE CHURCH. A Popular Account 
of the Collection and Reception of the Holy Scriptures in 
the Christian Churches. New Edition. i8mo. cloth. 
4*. 64. 

WBSTCOTT— UQm—THE NEW TESTAMENT IN THE 
ORIGINAL GREEK. The Text Revised by B. F. Westcott, 
D.D., Regius Professor of Divinity, Canon of Peterborough, 
and F. J. A. Hort, D.D., Hulsean Professor of Divinity; 
Fellow of Emmanuel College, Cambridge : late Fellows of 
Trinity College, Cambridge. 2 vols. Crown 8vo. ioj. 64. each. 
Vol. I. Text. 
Vol. II. Introduction and Appendix. 

WILSON- THE BIBLE STUDENT'S GUIDE to the more 
Correct Understanding of the English Translation of the Old 
Testament, by reference to the original Hebrew. By William 
Wilson, D.D., Canon of Winchester, late Fellow of Queen's 
College, Oxford. Second Edition, carefully revised. 4to. 
cloth. 2$s. 
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YONGB (CHARLOTTE m.y-SCRIPTURE READINGS FOR 
SCHOOLS AND FAMILIES. By Charlotte M. Yongb. 
Author of "The Heir of Redclyffe." In Five Vols. 
First Series. Genesis to Deuteronomy, Extra fcap 
8vo. ix. &/. With Comments, 3*. 6d. 

Second Series. From Joshua to Solomon. Extra fcap. 

8vo. u. 6d. With Comments, y. 6d. 

Third Series. The Kings and the Prophets. Extra fcap. 

8yo, is. 6d. With Comments, 3*. 6d. 

Fourth Series. The Gospel Times, u. 6V. With 

Comments, extra fcap. 8vo., p. 6d. 

Fifth Series. Apostolic Times. Extra fcap. 8vo. is. 6d. 

With Comments, $s. 6d. 

MODERN LANGUAGES, ART, ETC. 

ABBOTT—^ SHAKESPEARIAN GRAMMAR. An Attempt 
to illustrate some of the Differences between Elizabethan and 
Modern English. By the Rev. E. A. Abbott, D.D., Head 
Master of the City of London School. New Edition. Extra 
fcap. 8vo. 6s. 

ANDERSON — LINEAR PERSPECTIVE, AND MODEL 
DRA WING. A School and Art Class Manual, with Questions 
and Exercises for Examination, and Examples of Examination 
Papers. By Laurence Anderson. With Illustrations. 
Royal 8vo. is. 

BARKVB.— FIRST LESSONS IN THE PRINCIPLES OF 
COOKING. By Lady Barker. New Edition. i8mo. is. 

-aovnm-FiRST lessons in French. By H. cour- 

thope Bowen, M.A. Extra fcap. 8vo. if. 
BBATJM ARCH AIS— LE BARBIER DE SE VILLE. Edited, 

with Introduction and Notes, by L. P. Blouet, Assistant 

Master in St. Paul's School. Fcap. 8vo. 3*. 6d. 
BURNERS— FIRST LESSONS ON HEALTH. By J. Ber- 

ners. New Edition. 1 81110. is. 

BImAWLIBTOK—THE TEACHER. Hints on School Manage- 
ment. A Handbook for Managers, Teachers' Assistants, and 
Pupil Teachers. By J. R. Blakiston, M.A. Crown 8vo. 
2s. 6d. (Recommended by the London, Birmingham, and 

Leicester School Boards.) 

" Into a comparatively small book he has crowded a great deal of ex- 
ceedingly useful and sound advice. It is a plain, common-sense book, 
full of hints to the teacher on the management of his school and his 
children.— School Board Chronicle. 
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BREYM ANN— Works by Hermann Breymann, Ph,D. f Pro* 

fessor of Philology in the University of Munich. 
A FRENCH GRAMMAR BASED ON PHILOLOGICAL 
PRINCIPLES. Second Edition. Extra fcap. 8vo. 4*. 6d. 
FIRST FRENCH EXERCISE BOOK. Extra fcap. 8vo. 
4s. 6d. 

SECOND FRENCH EXERCISE BOOK. Extra fcap. 8vo, 

BKOOKE— MILTON. By Stopford Brooke, M.A. Fcap. 
8vo. is. 6d. (Green's Classical Writers.) 

-BXTTVEB—HUDIBRAS. Part I. Edited, with Introduction 
and Notes, by Alfred Milnes, B.A. Crown 8vo. y. 6d. 

CAMBRIDGE UNIVERSITY ALMANACK AND RE- 
OISTER FOR 1881, being the Twenty-ninth Year of 
Publication. Crown 8vo. 3*. 6d. 

OALDBRWOOD— HANDBOOK OF MORAL PHILOSOPHY. 
By the Rev. Henry Caldkrwood, LL.D., Professor of 
Moral Philosophy, University of Edinburgh. Sixth Edition* 
Crown 8vo. 6s. 

COLLIER— .4 PRIMER OF ART. With Illustrations. By 

John Collier. i8mo. is. 
DANTXS-7W2P PURGATORY OF DANTE. Edited, with 

Translation and Notes, by A. J. Butler, M.A., late Fellow 

of Trinity College, Cambridge. Crown 8vo. 12s. 6d. 
DELAMOTTE— A BEGINNERS DRAWING BOOK. By 

P. H. Dblamotte, F.S.A. Progressively arranged. New 

Edition improved. Crown 8vo. $s. 6d. 

nmmiX— SELECT PROSE WORKS. Edited, with Intro- 
duction and Notes, by Professor C. D. Yonge. Fcap. 8vo. 

[In preparation . 

PABNACHT— THE ORGANIC METHOD OF STUDYING 
LANGUAGES. By G. Eugene Fasnacht, Author of 
"Macmillan's Progressive French Course," Editor "Mac- 
millan's Foreign School Classics/' &c. Extra fcap. 8vo. 
I. French, 3*. 6d. 

A FRENCH GRAMMAR FOR SCHOOLS. By the same 
Author. [In preparation. 

FAWOBTT- TALES IN POLITICAL ECONOMY. By 
Millicent Garrett Fawcett. Globe 8vo. y. 
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mAROli— -SCHOOL INSPECTION. By D. R. Fearon, 
M.A,, Assistant Commissioner of Endowed Schools. Third 
Edition. Crown 8vo. 2s. 6d. 

FREDERICK— HINTS TO HOUSEWIVES ON SEVERAL 
POINTS, PARTICULARLY ON THE PREPARATION 
OF ECONOMICAL AND TASTEFUL DISHES. By 
Mrs. Frederick. Crown 8vo. 2s. 6d. 

m " This unpretending and useful little volume distinctly supplies a de- 
sideratum. .... The author steadily keeps in view the simple aim of 
'making every-day meals at home, particularly the dinner, attractive,' 
without adding to the ordinary household expenses." — Saturday Review. 

GIiADBTOm— SPELLING REFORM FROM AN EDU- 
CATIONAL POINT OF VIEW. By J. H. Gladstone, 
Ph.D., F.R.S., Member of the School Board for London. 
New Edition. Crown 8vo. is. 6d. 

GOLDSMITH—?^? TRA VELLER 9 or a Prospect of Society ; 
and THE DESERTED VILLAGE. By Oliver Gold- 
smith. With Notes Philological and Explanatory, by J. W. 
Hales, M.A. Crown 8vo. 6d. 

GOLDSMITH— SELECT ESSAYS.' Edited, with Introduction 

and Notes, by Professor C. D. Yonge. Fcap. 8vo. 

[In preparation. 

QtKA.VD'nomVLJL—CUTTING-OUTANDDRESSMAKING. 
From the French of Mdlle. E. Grand'homme. With Dia- 
grams. i8mo. is. 

GREEN-;* SHORT GEOGRAPHY OF THE BRITISH 

ISLANDS. By John Richard Green and Alice 

Stopford Green. With Maps. Fcap. 8vo. 3*. 6d. 

The Times says : — " The method of the work, so far as real instruction , 

is concerned, is nearly all that couid be desired. ... Its great merit, in 
addition to its scientific arrangement and the attractive style so familiar 
to the readers of Green's Short History is that the facts are so presented J 

as to compel the careful student to think for himself. . . .The work may j 

be read with pleasure and profit by anyone ; we trust that it will gradually »j 

find its way into the higher forms of our schools. With this text-book as 1 

his guide, an intelligent teacher might make geography what it really is— ' 

one of the most interesting and widely-instructive studies." .) 

HALES— LONGER ENGLISH POEMS, with Notes, Philo- "j 

logical and Explanatory, and an Introduction on the Teaching 
of English. Chiefly for Use in Schools. Edited by J. W. 
Hales, M.A,, Professor of English literature at King's 
College, London. New Edition. Extra fcap. 8vo. 4s. 6d. 

noiJZ—A GENEALOGICAL STEMMA OF THE KINGS 
OF ENGLAND AND FRANCE. By the Rer. C. Hole. 
On Sheet is. 
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JOHNSON'S Z/FS^ OF 7#£ POETS. The Six Chief Lives 
(Milton, Dryden, Swift, Addison, Pope, Gray), with Macaulay's 
''Life of Johnson." Edited with Preface by Matthew 
Arnold. Crown 8vo. 6r. 

LITERATURE PRIMERS— Edited by JOHN RICHARD GREEN. 
Author of " A Short History of the English People." 
ENGLISH GRAMMAR. By the Rev. R. Morris, LL.D., 
sometime President ojF tl*e Philological Society. i8mo. 
cloth, is. 

ENGLISH GRAMMAR EXERCISES. By R. Morris, 
LL.D., and H. C Bowen, M.A. i8mo. is. 
THE CHILDREN'S TRkASURY OF LYRICAL 
POETRY. Selected and arranged with Notes by Francis 
Turner Palgravz. In Two Parts. iSmo. is. each. 

ENGLISH LITERATURE. By Stopford Brooke, 
M.A. New Edition. i8mo. is. 
PHILOLOGY. By J. Peile, M.A. l8mo. is. 
GREER? LITERATURE. By Professor Jebb, M.A. l8mo. is. 
SHAKSPERE. By Professor Dowden. i8mo. is. 
HOMER. By the Right Hon. W. E. Gladstone, M.P. 
l8mo. is. 

ENGLISH COMPOSITION. By Professor Nichol. i8mo. 
is. 

EXERCISES ON MORRIS'S PRIMER OP ENGLISH 
GRAMMAR. By John Wetherell, of the Middle 
School, Liverpool College. i8mo. is. 

la preparation : — 

LA TIN LIT ERA TURE. By Professor Seeley. 
HISTORY OF 7 HE ENGLISH LANGUAGE. By 
J. A. II. Murray, LL.D. 

SPECIMENS OF THE ENGLISH LANGUAGE. 
To Illustrate the above. By the same Author. 

MACMILLAN'S COPY-BOOKS— 

Published in two sizes, viz. :— 

1. Large Post Ato. Price 4^. each. 

2. Post Oblong. Price 2a. each. 

1. INITIATORY EXERCISES 6- SHORT LETTERS'. 
•a. WORDS CONSISTING OF SHORT LETTERS. 
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*$.LONG LETTERS. With words containing Long 

Letters — Figures. 

♦4. WORDS CONTAINING LONG LETTERS. 

4a. PRACTISING AND REVISING COPY-BOOK. For 

Nos. 1 to 4. 

*5. CAPITALS AND SHORT HALF-TEXT. Words 
beginning with a Capital 

♦6. HALF-TEXT WORDS, beginning with a Capital- 
Figures. 

♦7. SMALL-HAND AND HALF-TEXT. With Capitals 
and Figures. 

*8. SMALL-HAND AND HALF-TEXT. With Capitals 
and Figures. 

8a. PRACTISING AND REVISING COPY-BOOK. For 

Nos. 5 to 8. 

♦9. SMALL-HAND SINGLE HEADLINES- .Figures. 

io. SMALL-HAND SINGLE HEADLINES— Figures. 

•11. SMALL-HAND DOUBLE HEADLINES— Figures. 

12. COMMERCIAL AND ARITHMETICAL EX- 
AMPLES, &c. 

12a. PRACTISING AND REVISING COPY-BOOK. For 
Nos. 8 to 12. 

* These numbers may be had with Goodman's Patent Sliding 
Copies. Large Post 4to. Price 6d. each. 

MACMILLAN'S PROGRESSIVE FRENCH COURSE— By 

G. Eugene-Fasnacht, Senior Master of Modern Languages, 
Harpur Foundation Modern School, Bedford. 

I. — First Year, containing Easy Lessons on the Regular Ac- 
cidence. Extra fcap. 8vo. is. 

II. — Second Year, containing Conversational Lessons on 
Systematic Accidence and Elementary Syntax. With Philo- 
logical Illustrations and Etymological Vocabulary, is. 6d. 

III. — Third Year, containing a Systematic Syntax, and 
Lessons in Composition. Extra fcap. 8vo. 2s. 6d. 
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MACMILLAN'S *R06RBS8IVB FBBNOH RBABBRS^ 

By G. EUGENE-FASNACHT. 

I.— First Year, containing Tables, Historical Extracts, 
Letters, Dialogues, Fables, Ballads, Nuriery Songs, &c, 
with Two Vocabularies : (i) in the order of subjects ; (2) in 
alphabetical order. Extra f cap. 8vo. 2s. 6d. 

II. — Second Year, containing Fiction in Prose and Verse, 
Historical and Descriptive Extracts, Essays, Letters, Dialogues, 
&c. Extra fcap. 8to. 2s. bd. 

KACBKXXAASrS mOOBBSSXVB OOSXAJ7 COTTJtSB— By 

G. Eugene Fasnacht. 

Part I.— First Year. Easy Lessons and Rules on the Regular 
Accidence. Extra fcap. 8vo. is. 6a\ 

Part IL-tSecond Year. Conversational Lessons in Sys- 
tematic Actidenqe and Elementary Syntax. With Philological 
Illustrations and Etymological Vocabulary. Extra fcap. 
8vo. 2|. 

MACMILLAN'S FOREIGN SCHOOL CLASSICS. Edited by 

G. Euotvft Fasnacht. i8mo. 

rRENCU. 

CORNEILLE—LE CID. Edited by G. E. Fasnacht. is. 

MOZI&RE—LES FEMMES SAVANTES. Edited by 
G. E. Fasnacht. is. 

MOLlkRE—LE MISANTHROPE. By the same Editor. 
is. 

MOLlkRE—LE MEDECIN MALGRE LUI. B> the 
same Editor. [In preparation. 

MOLIERE—UAVARE. Edited by L. MoRiarty, B.A., 
Assistant-Master at Rossall. [In the press. 

SELECTIONS FROM FRENCH HISTORIANS. Edited 
by C. Colbeck, M.A., late Fellow of Trinity College, Cam. 
bridge ; Assistant-Master at Harrow. [In preparation 

SAND, GEORGE — LE MARE A U DIABLE. Edite 
by W. E. RUSSELL, M.A., Assistant Master in Haileybury 
College. [In preparation. 
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FESNOB Continued— 

VOLTAIRE— CHARLES XII. Edited by G. E. Fasnacht. 

[In preparation, 
GRAMMAR AND GLOSSARY OF THE FRENCH 
LANGUAGE IN THE SEVENTEENTH CENTURY 
By G. E. Fasnacht. [In preparation. 

GERMAN. 

GOETHE— GOETZ VON BERL1CHINGEN Edited 
by H. A. Bull, B. A., Assistant-Master at Wellington. 

[In preparation. 

HEINE— SELECTIONS FROM THE PROSE WRIT- 
INGS. Edited by C. Colbeck, M.A. [In preparation. 

SCHILLER— MAID OF ORLEANS. Edited by Joseph 
Gostwick. [In preparation. 

SCHILLER— MARY STUART. Edited by C. Sheldon, 
M.A., D.Lit., Assistant-Master in Clifton College. 

[In preparation. 
UHLAND — SELECT BALLADS. Edited by G. E. 
Fasnacht. [In preparation, 

SELECTIONS FROM GERMAN HISTORIANS. By 
the same Editor. Part I. — Ancient History. [In preparation* 

%* Other volumes to follow, 

MARTIN— THE POET'S HOUR: Poetry selected and 
arranged for Children. By Frances Martin. Third 
Edition. i8mo. zs. 6d. 

SPRING-7IME WITH THE POETS: Poetry selected by 
Frances Martin. Second Edition. i8mo. 3/. &/. 
MASSON (GUSTAVE)— A COMPENDIOUS DICTIONARY 
OF THE FRENCH LANGUAGE (French-English and 
English-French). Adapted from the Dictionaries of Professor 
Alfred Elwall. Followed by a List of the Principal Di- 
verging Derivations, and preceded by Chronological and 
Historical Tables. By Gustave Masson, Assistant-Master 
and Librarian, Harrow School. Fourth Edition. Crown 8vo. 
half-bound. 6s. 

MOLIERE— Z£ MALADE IMAGINAIRE. Edited, with 
Introduction and Notes, by Francis Tarver, M.A., Assistant- 
Master at Eton. Fcap. 8vo. 2s. 6d. 
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MORRIS— Woifa by the Rev. R. Morris, LL.D. 

HISTORICAL OUTLINES OF ENGLISH ACCIDENCE, 
comprising Chapters on the History and Development of the 
Language, and on Word-formation. New Edition. Extra 
fcap. 8vo. 6>. 

ELEMENTARY LESSONS IN HISTORICAL 
ENGLISH GRAMMAR, containing Accidence and Word- 
formation. New Edition. i8mo. 2s. 6d. 

PRIMER OF ENGLISH GRAMMAR. i8mo. is. 

OLIPHANT— THE OLD AND MIDDLE ENGLISH. A 
New Edition of "THE SOURCES OF STANDARD 
ENGLISH" revised and greatly enlarged. By T. L. King- 
ton Oliphant. Extra fcap.«-8vo. 9s. 

PAI.GBAVB*7^ CHILDREN'S TREASURY OF 
LYRICAL POETRY. Selected and Arranged with Notes 
by Francis Turner Palgrave. i8mo. zs. 6d. Also in 
Two parts. i8mo. is. each. 

PLUTARCH — Being a Selection from the Lives which Illustrate 
Shakespeare. North's Translation. Edited, with Intro- 
ductions, Notes, Index of Names, and Glossarial Index, by 
the Rev. W. W. Skeat, M.A. Crown 8vo. 6s. 

PYLODET— NEW GUIDE TO GERMAN CONVERSA- 
TION: containing an Alphabetical List of nearly 800 Familiar 
Words followed by Exercises, Vocabulary of Words in frequent 
use ; Familiar Phrases and Dialogues ; a Sketch of German 
Literature, Idiomatic Expressions, &c. By L. Pylodet. 
i8mo. cloth limp. 2s. 6d. 

A SYNOPSIS OF GERMAN GRAMMAR. From the 
above. i8mo. &£ 

QUEEN'S COLLEGE, LONDON. THE CALENDAR, 1879-80, 
1880-81, 1881-82. Fcap. 8vo. Each is. 6d. 
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READING BOOKS— Adapted to the English and Scotch Codes. 
Bound in Cloth. 

PRIMER. i8mo. (48 pp.) id. 

BOOK I. for Standard I. i8mo. (96 pp.) 4/. 

i8mo. (144 pp.) $d. 
i8mo. (160 pp.) 6d. 
i8mo ? (176 pp.) &/. 
i8mo. (380 pp.) I/. 
VI. Crown 8vo. (430 pp.) is. 

Book VI. is fitted for higher Classes, and as an Introduction to 
English literature. 

"They are far above any others that have appeared both in form and 
substance. . . . The editor of the present series has rightly seen that 
reading books must 'aim chiefly at giving to the pupils the power of 
accurate, and, if possible, apt and skilful expression ; at cultivating in 
them a good literary taste, and at arousing a desire of further reading.' 
This is done by taking care to select the extracts from true English classics, 
going up in Standard VI. course to Chaucer, Hooker, and Bacon, as well 
as Wordsworth, Maeaulay, and Froude. . . . This is quite on the right 
track, and indicates justly the ideal which we ought to set before us. — 
Guardian. 

8HAKE8PEAAE— A SHAKESPEARE MANUAL. ByF.G. 
Flkay, M.A., late Head Master of Skipton Grammar School. 
Second Edition. Extra fcap. 8vo. 4*. 6d. 

AN ATTEMPT TO DETERMINE THE CHRONO- 
LOGICAL ORDER OF SHAKESPEARE S PLA VS. By 
the Rev. H. Pains Stokes, B.A. Extra fcap. 8vo. 4s. 6d. 

THE TEMPEST. With Glossarial and Explanatory Notes. 
By theRer. J. M. Jrphson. New Edition. i8mo. is. 

sONNBNSCHEIN and MEIKUB JOHN — 7 HE ENGLISH 
METHOD OF TEACHING TO READ. By A. Son- 
nbnschbin and J. M. D. Mkiklejohn, M.A. Fcap. 8vo. 

COMPRISING : 

THE NURSERY BOOK, containing all the Two-Letter 
Words in the Language, id. (Also in Large Type on 
Sheets for School Walls. $s.) 

THE FIRST COURSE, consisting of Short Vowels with 
Single Consonants. &£ 
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THE SECQND COURSE, with Combination* and Bridges, 
consisting of Short Vowels with Double Consonants. td. 

THE THIRD AND FOURTH COURSES, consisting of 
Long Vowels, and all the Double Vowels in the Language. 
6d. 

** These are admirable books, ( because thejr are constructed on a prin- 
ciple, and that the simplest principle on which it is possible to learn to read 
English.' — Spectator. 

STEPHEN— A DIGEST OF THE LAW OF EVIDENCE. 

By Sir James Fitzjamks Stephen, a Judge of the High 
• Court of Justice, Queen's Bench Division. Fourth Edition. 
Crown 8vo. 6s. 

" An invaluable text-book to students." — The Times. 

TAYLOR— WORDS AND PLACES; or, Etymological IUus- 
trations of History, Ethnology, and Geography. By the Rey. 
Isaac Taylor, M.A. Third and cheaper Edition, revised 
' and compressed. With Maps. Globe 8vo. ox. 

r AYLOR— A PRIMER OF PIANOFORTE PLA YING. By 
Franklin Taylor. Edited by George Grove. i8mo. is. 

TB»BTMBXBR — HOUSEHOLD MANAGEMENT AND 

COOKERY. With an Appendix of Recipes used by the 

Teachers of the National School of Cookery. By W. B. 

Tegstmeier. Compiled at the request of the School Board 

for London. i8mo. is. 

"Admirably adapted to the use for which it is designed."— Athenjbum. 

"A seasonable and thoroughly practical manual. ... It can be consulted 
readily and the information it contains is given in the simplest language." 
—Pall Mall Gazette. 

THE GLOBE READERS- For Standards I.— VI. Edited by 
A. F. MuRisoN. With Illustrations. [Immediately. 

VBOBMTOV-FIRST LESSONS IN BOOK-KEEPING, By 
J. Thornton. Crown 8vo. zs. 6d. 

The object of this volume is to make the theory of Book-keeping suf- 
ficiently plain for even children to understand it. 

THRING— Works by Edward Thring, M.A., Head Master of 
Uppingham. 

THE ELEMENTS OF GRAMMAR TAUGHT IN 
ENGLISH. With Questions, Fourth Edition. i8mo, 2s. 
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TRENCH (AHCHBI0HOF)— Works by R. C TRENCH, D.D., 
Archbishop of Dublin, 

HOUSEHOLD BOOK OF ENGLISH POETRY. Selected 
• and Arranged, with Notes. Third Edition. Extra fcap. 8vo. 
5*. 6d. 

ON THE STUDY OF WORDS. Seventeenth Edition 
revised. Fcap. 8vo. $s. 

ENGLISH, PAST AND PRESENT. Eleventh Edition, 
revised and improved. Fcap. 8vo. 5*. 

A SELECT GLOSSARY OF ENGLISH WORDS, used 
formerly in Senses Different from their Present Fifth 
Edition, revised and enlarged. Fcap. 8vo. $s. 

VAUQHAN (O. M.)- WORDS FROM THE POETS. By 
C. M. Vaughan. New Edition. i8mo. cloth, is. 

VICTORIA UNIVERSITY CALENDAR, with the Calendar of 
the Owens College, 1880-1881, 1 881-1882. Crown 8vo. 3/. 

VOTCBNT and mGKBOn—HANDBOOK TO MODERN 
GREEK. By Edgar Vincent, Coldstream Guards, and 
T. G. Dickson, M.A. Second Edition, revised and enlarged, 
with Appendix on the relation of Modern and Classical Greek 
by Prof. R. C. Jebb. Crown 8vo. 6s. 

" It will not be Messrs. Vincent and Dickson's fault if their work does 
not contribute materially to the study of Greek by Englishmen as a living 
language."— Pall Mall Gazette. 

WAED-Z^£ ENGLISH POETS. Selections, with Critical 
Introductions by various Writers and a General Introduction 
by Matthew Arnold. Edited by T. H. Ward, M.A. 4 
Vols. Vol. I. CHAUCER to DONNE.— Vol. II. BEN 
JONSON to DRYDEN. — Vol. III. ADDISON to 
BLAKE. —Vol. IV. WORDSWORTH TO SYDNEY 
DOBELL. Crown 8vo. Each *js. 6d. 

" They fill a gap in English letters, and they should find a place in every 
school library. It is odds but they will delight the master and be the 
pastime of the boys. . . . Mr. Ward is a model Editor. . . . English 
poetry is epitomised ; and that so brilliantly and well as to make the book 
in which the feat is done one of the best publjcatjpns of its epoch."— The 
Teacher. 
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WHITNEY— Works by William D. Whitney, Professor of 
Sanskrit and Instructor in Modern Languages in Yale College. 

A COMPENDIOUS GERMAN GRAMMAR. Crown 
8vo. 4/. 6d. 

A GERMAN READER IN PROSE AND VERSE, with 
Notes and Vocabulary. Crown 8vc 5*. 

WHITNEY AND BDORBN— A COMPENDIOUS GERMAN 
AND ENGLISH DICTIONARY, with Notation of Cor- 
respondences and Brief Etymologies. By Professor W. D. 
Whitney, assisted by A. H. Edgren. Crown 8vo. 7*. &/. 

THE GERMAN-ENGLISH PART, separately, 5*. 

WRIGHT— THE SCHOOL COOKERY BOOK. Compiled 
and Edited by C. E. Guthrie Wright, Hon. Sec. to the 
Edinburgh School of Cookery. i8mo. is. 

Sir T. D. Acland, Bart., says of this book;:— 4 * I think the « School 
Cookery Book ' the best cheap manual which I have seen on the subject, 
I hope teachers will welcome it But it seems to me likely to be even 
more useful for domestic purposes in all ranks short of those served by 
professed cooks. The receipts are numerous and precise, the explana- 
tion of principles clear. The chapters on the adaptation of food to 
varying circumstances, age. climate, employment, health, arid on infants* 
.food, seem to me excellent.'" 
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YONGE (CHARLOTTE m.y^THE ABRIDGED BOOK OF 
GOLDEN DEEDS. A Reading Book for Schools and 
general readers. By the Author of "The Heir of Red- 
ely ffe." i8mo. cloth, is. 



MAGMILLAN'8 GLOBE LIBRARY. 

Price 3*. 6d. per volume, in cloth. Also kept in a variety of calf and 
morocco bindings, at moderate prices. 

"The Globe Editions are admirable for their scholarly editing, their typo- 
g-aptucal excellence, their compendious form, and their cheapness."— Saturday 

Shakespeare's Complete Works.— Edited by W. G. Clark, 
M.A., and W Aims Wright, M.A>, Editors of the 
Cambndge Shakespeare." With Glossary. 

Spenser's Complete Works — Edited from the Original Editions 
and Manuscripts, by R. Morris, with a Memoir by T. W. 
Hales, M.A. With Glossary. 

Sir Walter Scott's Poetical Works. — Edited, with a 
Biographical and Critical Memoir, by Francis Turner 
Palgrave, and copious Notes. 

Complete Works of Robert Burns. — Edited from the best 
Printed and Manuscript authorities, with Glossarial Index, 
Notes, and a Biographical Memoir by Alexander Smith. 

Robinson Crusoe. — Edited after the Original Editions, with a 
Biographical Introduction by Henry Kingsley. 

Goldsmith's Miscellaneous Works. — Edited, with Biographical 
Introduction, by Professor Masson. 

Pope's Poetical Works. —Edited, with Notes and Introductory 
Memoir, by A. W. Ward, M.A., Professor of History in 
Owens College, Manchester. 

Dryden's Poetical Works.— Edited, with a Memoir, Revised 
Text and Notes, by W. D. Christie, M. A., of Trinity College, 
Cambridge. 

Cowper's Poetical Works. — Edited, with Notes and Biographi- 
cal Introduction, by William Benham, Vicar of Marden. 

Morte d' Arthur .—SIR THOMAS MALORY'S BOOK OF 
KING ARTHUR AND OF HIS NOBLE KNIGHTS OF 
THE ROUND TABLE.— The original Edition of Caxton, 
revised foi Modern Use. With an Introduction by Sir 
Edward Btrachey, Bart. 

The Works UrV.Virgil. — Rendered into English Prose, with* 
Introducfa-$, Kotes, Running Analysis, and an Index* By 
James ^flkpALE, M.A., and Sam^l Lee, M.A. 

The Mjforks of Horace. — Rendered? into jknglish Prose, with 
ImHEctions, Running Analysis, Notes, alra! Index. By James 
LtfSSBgLE, M.A., and Samuel Lee, M.A. 

MlltoVtfl iPoetical Works. — Edited, with Introductions, by 
Professor Masson. 

MACMILLAN AND CO., LONDON. 
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